HPNBMANn BOOKS OK SOCIOLOGY 


General editor: DmeMGurb ¥#&** 


THE ORGANISATION OF 
SCIENCE IN ENGLAND 

A RETROSPECT 




D..S. ’L. CARDWELL 


THE ORGANISATION 
OF SCIENCE IN 
ENGLAND 

A Retrospect 



WILLIAM HEINBMANN LTD r 

MELBOURNE LONDON TORONTO 




PUBLISHED BY 
WILLIAM HEINEMANN LTD 
99 GREAT RUSSELL STREET, LONDON, W.C.l, 
PRINTED IN GREAT BRITAIN BY 
ROBERT MACLEHOSE £ CO. LTD, 

THE UNIVERSITY PRESS, GLASGOW 



Contents 


Page 


PREFACE vti 

I SCIENCE AtJb SOCIETY 1 

A Brief Consideration of Some Theories 3. . 

II 18TH-CENTURY BACKGROUND 10 

Continental Developments 19 

m English developments: 1800-4840 27 

Middle-tlass Education 33 

The Universities 38 

Summary 45 

TVReform of Societies ana me State of Science 46 


iv the mid-century: 1840-1870 54 

Of Mechanics’ Institutes, Technology and Other 
■Matters 55 

The Society of Arts 58 

A Digression on Examinations 65 

New Colleges and State Action 66 

London University 72 

The London Colleges 74 

The Older Universities 75 

Societies and the State of Science 77 

A Chemical Discovery and its Consequencer 79 

Summary 80 


v 


VI 


TECHNICAL EDUCATION AND OTHER MATTERS: 1868-1890 84 


The Devonshire Commission 92 

The City and Guilds Movement 98 

Royal Commission 103 

University Colleges— Old and New 1W 

Arnold and Pattison 110 

The Pattern of Examinations 1 P4 

•Criticisms and Suggestions 1 18 


1888-1900 124 

The Technical Education Mo\ cment 125 

Ihe University Colleges 1 28 

German Comparisons 134 



Vi CONTENTS 

1888-1900 (Contd.) Page 

• Applied Science in England 137 

ThffTeaching Profession 140 

vn the new century: 1900-1918 147 

Universities— Hie Continued Trend to Specialisation 151 
The Universities— Finances and Expansion 1 55 

Vocational Opportunities 1 57 

Technological Education 167 

The War Years and After 168 

Vffl THE PROFESSIONAL SOCIETY 175 

The Specialised Society 1 92 

Diagrams f: Cambridge Natural Sciences Tripos 195 

II : London B.Sc. and D.Se. Degrdtp from 1860 1% 

Additional References 197 

Index 20 ( 1 

ERRATA 

The author’s name should be deleted from these bibliographical 
references 

page 26, refs 21, 23 

pages 51 53,«rcfs 8, II, 17, 18, 34, 53, 58 

pages 81 83, refs 3, 8. 9, 13, 15, 16, 18, 20, 24. 25, *26, 27, 29, 

30. 31, 35, 36, 37,41,43 



PREFACE 


A few years ago a distinguished historian gave it as his view thSt 
the “Scientific Revolution”, which in the first instance culmin- 
ated in th* work of Newton, . . 'outshines everything’ since 
the rise of Christianity.” Even more recently it has become fashion- 
able to speak of “the Second Industrial Revolution” now in progress ; 
a resolution the essential feature of which is a unionjbetween science, 
defined as method, research, experiment, and industrial practice anc 
which is characterised by the emergence of wholly ndw industries— 
nuclear energy, pjastics, electfpnics* etc. — as well as by the radica 
transformation of older industries through a much greater utilisatioi 
of science. 

* lMe§s therefore we dissent from Professor Butterfield’s judgmen 
as tcftM historical importance of the scientific revolution we mus 
concede that the applied science, or second industrial, revolution i 
also of the very greatest importance. Yet, with the facts in front of us, 
it cannot be said that the growth of this remarkable practice has 
aroused much curiosity. Indeed, it is probably true to say that the 
revolution has been regarded as no more than “natural” or “inevit- 
able” or the logical outcome of science, technology, and economic 
expansion ; to be explained, perhaps, in terms of some generalised 
social theory. Such a position is, of course, unsatisfactory for it is easy 
to see that there is nothing “natural” or “inevitable” about applied 
science. It is, a priori, the creation of a certain type of society at a 
certain stage of development and, to acquire a fuller understanding, 
we need to know in great detail the relationship it bears to economic 
and social institutions as well as to the cognate activities of pure 
science and technology. . 

One of the first things that must strike us about applied science is 
that it is of very recent origin. To illustrate this consider the journey 
to»F ranee made in 1812 by Sir Humphrey Davy and Michael* Fara- 
day. England and France were then at war, but the French Acadeniy 
saw nothing incongruous in honouring Davy and the latter saw 
nothing “unpatriotic” in accepting their honours. Clearly, while 
science and men of science evere held in some esteem, sgiencp was Slot 
considered to be an activity of profound national importance (at 
least, in England). Per contra, under similar political conditions 
today, the able scientist would cehainly be the very last map to* be 
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viii PREFACE 

allowed out of any country. Evidently, therefore, the social revolution 
of science took place at some time subsequent to 1812 and this is the 
reason why the study is limited to the period 1800-1914. The latter 
date, apart from its obvious implications, can be justified; for, as I 
hope to show, most — though by no means all — of the important 
factors necessary for the systematic development of applied science 
were present before the outbreak of the Great War. 

*The supply and status of scientists must always be of- overriding 
importance in determining the speed of a scientific revolution and, 
for this reason, 1 have confined myself largely to a,consideration of 
the men who have, at different times, composed the body scientific in 
' ‘this country. Now it may be objected that the scientist, like the poet, 
is bom. . . . But Jie is also made in so far as he is the product of a 
complex educational machinery and the potential employee of a 
large number df specialised agencies. It is to thege latter factors that 
my attention has been directed ; 6ut to,say more at tjiis stage would be 
to anticipate later arguments. 

At the same time it is desirable to enter a caveat. Although I am 
concerned with universities, as 'scientific institutions, it must tfe 
emphasised that what follows is in no sense a history of “Oxbridge” 
and “Redbrick”. Consequently the degree of attention given to 
various foundations is a function of the roles which, as it seems to 
me, they played in determining the development of pure and applied 
science. As to the relative importances of these and other foundations 
today, I do not pretend to judge. I have also excluded reference to 
Scottish and Irish foundations because developments in those 
countries were significantly different from those in England and 
Wales. 

Revolutions in the political sense are commonly undertaken with 
the purpose of sweeping away injustices and obstacles to progress 
and at the Same time of bringing into being new social institutions. 
But it has been common experience that revolutions also destroy, 
along with the bad, much that was good ; indeed, in certain instances, 
the losses outweigh the gpins. To the extent that recent developments 
in applied science warrant the title of “revolution” we may reasonably 
ask whether there have in this particular case been any analogous 
losses? K is my belief that in fact there have been, and I have there- 
fore included, at the end of the work, a brief statement of what I 
think th$se losses have been and how they have comb about. It is 
realised of course that this particular aspect is controversial. 

To coiyriudg this brief introduction I turn to the mucfyeasier task of 
acknowledging the aid I have received when engaged on this work. I 
wish to thank Professor Ginsberg and Dr McKie for their frequent 
,help aqd encouragement and alsd the Nuffield Foundation for en- 
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abling me to carry out this y work. I should like, tob, to express my 
gratitude to the staffs of various London libraries, especially tyose at 
the library of the University of London, for their gourtesy and 
consideration. 

D. S. L. CARDWELL 




CHAPTER I 


SCIENCE AND SOCIETY 

T ^he nature of natural science is frequently discussed by philo- 
sophers and their conclusions are usually given im terms of 
• methodology and epistemology. They are concerned, that is, 
with the methods which the scientist uses to obtain *his results and 
with the status and significance of the theories and concepts of science 
in the scheme of rational knowledge. While such investigations are of 
the greatest importance, especially in view of the specialisation 
characteristic of modern science, they do not, of themselves, exhaust 
the question ; for science, the development of knowledge and tbpught, 
is essentially a social phenomenon. [7] From asking the question 
“What is science?” it is a short and natural step to ask “How did it 
arise?” or “Under what circumstances can we expect it to be actively 
pursued?” and it is at once apparent that, since scientists are not 
logical machines operating independently of their environment, these 
questions involve social factors. Indeed, we can say without further 
consideration that science is a variable of society and a very compli- 
cated one too ; for, while many different societies have evolved ad- 
vanced systems of law and philosophy and refined forms of art, only 
one society — our own— has possessed those vital elements which made 
possible the systematic and widespread development of the advanced 
sciences, and has succeeded, moreover, in utilising science in the 
solution of problems in industry and the arts. 

The grandchild of ancient learning, this unique method of interro- 
gating and interpreting nature, was born during the intellectual fer- 
ments of the Middle Ages and, aided by initial contributions from 
the Arabs and Indians, advanced slowly and painfully to the time 
whep the masterly Galileo set the pattern for its full development. 
During and after this period it was in intimate relationship with the' 
current philosophical and religious ideas, with the advance of tech- 
nology and with the practices of the fine arts and medicine; drawing 
its inspirations and conceptions quite impartially from pll tlgse dis- 
tinct activities and, in return, ipaking itj contributions, material and 
intellectual, t<& the development of society. To elaborate tfiis theme 
would be, in itself, to attempt a woric of major scholarship; big one 

1 



2 THE ORGANISATION OF SCIBNCE IN BNGLAND 

point can, I think, be made: to talk of the "impact of science on 
society” is surely to oversimplify the is&ue. Science is not an alien, 
external forcg like famine, pestilence or conquest ; it is a characteristic 
of our society. It is made by men in that society and the relationship* 
between their work and the social wfiole is both subtle and complex 

In the most general terms we can presume that tfie successful 
prosdbution of science depends upon a number of "internal” factors, 
the chief among which are : the cultural heritage of abstract know- 
ledge and practical techniques, the fret circulation of ideas and con- 
structive criticism, freedom of research, the adeqqate endowment of 
research and the state of the ancillary educational machinery. We 
should, therefore, expect to find that at all times, past and present, 
the predominantly important social institutions will play theinparts 
in determining the conditions of the “internal” factors and hence the 
level of scientific activity. In particular, religious and philosophical 
ideas and economic and political institutions may all have a bearing 
on science although their effects will not, of course, be uniform and of 
equal importance in different periods. Also we may expect to find that 
the state of science will be correlated with the social institutaons*of 
different peoples at different stages of development. But here a 
peculiarity of science should be noticed : it is, of all human activities, 
the most truly international, for it is only in a trivial sense that we can 
speak of “English science”. Per contra, when we speak of “English 
law”, “French literature”, “Italian art”, etc. we may well be noting, 
'indeed emphasising, significant differences from the practices of 
other countries and peoples. But the language in .which a scientific 
meraofr is written is of no importance — it loses nothing in translation. 
Therefore, to a greater extent than in the cases of other intellectual 
activities, the scientific achievements of any one country are a func- 
tion of those of its neighbours. While this view rejects scientific 
chauvinism of the type : “Chemistry is a French science. It was created 
by Lavoisier . . .” (Wiirtz), it does not prevent a reasoned use of com- 
parative methods. 

Science, then, is a European endeavour and any claim by one 
people, or nation, to pre-eminence or to be the founders of any par- 
ticular science cannot be accepted. This odyssey of the European 
mind kas survived the difficulties and dangers of the profound social, 
political and religious changes of the last four centuries. On the other 
hand, although we have a most inadequate understanding of the 
factors which favour the development of science in a kiven society, it 
dbes npt se?m overbold to maintain that, had the terms of trade 
changed against science at any time during that perioji, the scientific 
enterprise would have been snuffed out as effectuall|»and finally as 
the Levine Right of Kings or the*Rule of the Saints. 
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If these preliminary generalisations are accepted, as I think they 
must be, we are faced with the question as to which is the most profit- 
able way of studying the social aspects of science. Here, the field is so 
wide and the possibilities so varied that choice is almost entirely a 
personal matter — the relations between scientific achievement, in the 
material sdhse, and scientific thought, in the philosophical, with other 
leading social activities are so profound and many-sided. However, it 
is reasonable to argue that as science is made«by men in society .the 
best way is to begin, continue and end with that group of men who 
practise science, and to try to elucidate those factors which have 
either advanced or retarded they* work. This seems to me preferable 
to attempting to study the variation of scientific activity with econ- 
omic changes or with the development of philosophical ideas, for 
until we have some clear ideals to what the scientist is, as a man in 
society rather than a# an impersonal producer of information, such 
studies may lead to ttnwarrantedlorrelations. 

A Brief Consideration of Some Theories 

** • 

To expand this point of view and, at the same time, to illustra{p the 
difficulties of the theme, I should like briefly to consider certain 
theories put forward to account for the varying levels of scientific 
activity at different times and in different societies. 

In his stimulating little volumes on Greek science. Professor 
Farrington arrives at the conclusion that ancient science perished 
through the social consequences of slavery which, by degrading 
labour and technics, necessarily cut science off from one of its most 
important sources of inspiration. Itfshould be remembered, however, 
that the theory is not original. For example, as long ago as 1867 it was 
explicitly propounded by Justus von Liebig [2] and, in 1870, Lyon 
Playfair, referring to Greek science, remarked : “A citizen with slaves 
crushed invention lest it should interfere with their value on the 
market. . . .” [3] A popular writer of the same period, Winwood 
Reade, made much the same observation in his celebrated Martyr- 
dom of Man (pp. 404-5). To put the opposite point of view : the theory 
has recently been criticised by Bernard Barber on the grounds that 
Grejk science had a long career in an epoch when slavery was always 
a dominant social institution, [4] and another modern writer doubts 
whether “even in Classical antiquity the separation of technics and 
science was as complete as has sometimes been supposed”. PI It is 
quite sufficient, in this context, to do no more than mention the gregt 
civil engineering achievements of the Romans to see the f&rce of these 
arguments. 

Although it does not strain credulity to believe that a society which 
chose to regard many of its members as “living tools” could nofhave 
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provided a healthy stimulus for technical innovation and invention, 
and Aught well have inhibited the development of science (apart from 
prestige occupations like mathematics and astronomy), it would 
surely be unreasonable to supposd that the institution of slavery is 
alone sufficient to account for the decline of ancient science. IJpt if we 
suspect that a unicausal theory is an oversimplification, flf we admit 
'that other factors may well have been effective hi determining the 
level of scientific activity, we must at once concede that (fie reverse 
proposition is,*at least, feasible : that inability to forward science and 
scientific technology contributed to the protracted existence of the 
obnoxious and inhibiting social institution of slavery. 

Among the additional factors which we presumed might govern the 
development <Jf science were the leading religious, philosophical and 
cosmological beliefs current in society. This would suggest that it was 
no accident that the rebirth of science, together With the recovery of 
ancient learning in the twelfth century, occurred at a period of history 
well characterised as the Age of Faith. The significance of this coinci- 
dence has been commented onpy Whitehead who, in a famous pas- 
sage^ relates the rebirth of science to Medieval insistence on a 
rational Deity and on a correlative rational Creation ; it being argued 
that, without prior conviction that the universe is rationally ordered 
and susceptible, therefore, of rational interpretation, the scientist 
would never commence laborious and difficult researches. Against 
this theory Professor Dingle has maintained that the scientist does 
not assumd a rational order ; he sets out to determine whether, and to 
what extent, he can discover rational relationships between pheno- 
mena. This, it m?y be said, does not dispose of the argument that, 
although the scientist may be agnostic in metaphysical matters, his 
general inspiration comes from the seed-bed of ideas — the cosmolo- 
gical theories — of his time. But those who hold this latter view must 
then account for Professor Ginsberg’s point that, a priori, it seems 
probable that the Buddhist metaphysic is more “scientific” than the 
Christian, [d] 

On the other hand the universal acceptance of Christianity in 
Europe implied— from the scientific point of view — more than an ad- 
justngmt of philosophies; it meant the emergence Of entirely, new 
social organisations. The Graeco-Roman world had been widely 
tolerant of different religions and different philosophies : ranging 
from file “scientific” determinism of the atomists to various kinds of 
mystkjsm. Under these conditions it i^very difficult tp see how such 
institutions as universities could com^ into being, for ti|ese imply some 
general^ accepted corpus of philosophical knowledge^hich it is their 
duty # to augment and to transmit to following generations. As 
opposed to schools of favoured philosophers (as, e.g. at Alexandria) 
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the development of universities seems to be an almost exclusively 
European achievement. The learned monastic orders, Franciscans 
and Dominicans, the open universities— “Cosmopolite Corpor- 
ations” as Sir William Hamiltoif called them— with their Regent 
Doctor^ Masters of Arts and the scholars wandering from teacher to 
teacher, frcfm university to university, were all conspicuous features 
of the Medieval scene. Couple these with a developing technology 
and you h%ve a powerful fertilising influence irrespective of the inner 
content of the religion and the associated metaphysic. * 

Another study of the relationship between religion and science, 
this time in. seventeenth-century England, forms part of a very inter- 
esting fiaper by R. K. Merton. [7] Following a suggestion of Max 
Weber’s, Merton examines in great detail the connexions between 
Puritanism and science^ and, after careful analysis reaches the con- 
clusion that the Calvinist cosmology «coupled with the character- 
istic “ethic” as expounded in sermons and religious writings pro- 
vided strong stimuli for the development of science. This, he claims, 
is validated by the very large number of Puritans active in sgven- 
teenth-Cfciithry science and associated with such enterprises as«the 
foundation of the Royal Society. It is important to notice that Merton 
does not maintain that religion is the independent and science the 
dependent variable ; nor does he suggest that a set of religious beliefs 
is suflicient to account for the emergence of great scientists, the 
Newtons and Boyles of this world. On the contrary, he says quite 
explicitly that the relationship between religion and science Was one of 
reciprocal reaction. 

Perhaps this very interesting theoty can be summed up by saying 
that Calvinism induced a serious frame of mind and set a high value 
on diligent studies, while, at the same time, it commended natural 
philosophy, the study of the physical world, the work of the Creator, 
to the attention of the student. Calvinism, therefore, provides strong 
grounds, psychological, metaphysical and social for the pursuit of 
science. To this it should be added that the theory is, of course, of 
limited application ; the role of Calvinism in inspiring scientific work 
should not be generalised. Scientific academies, which are, after all, 
indicqp of public interest in science, were founded in many counties : 
Lutheran, Catholic and Calvinist, contemporaneously with the Royal 
Society; and the magnificent French achievements in science in the 


seventeenth and eighteenth centuries owed little to Calvinism. 

On the need for further comparative studies of religion and science, 
Merton refers to the suggestion {hat Protestantism is generally more 
favourable towards science than is Catholicism. In support'of this, 


Protestant Scotland, with her long line of famous scientists, is com- 
pared with Catholic Ireland who, Anglo-Irishmen apart, can claim 
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only one : John Tyndall. However, this (generalisation seems unfair to 
Irela'hd’s turbulent history, and the Irishmah may be tempted to 
return a tu Quoque in that Calvinist Wales has yet to produce a world 
famous scientist. If the histrionic<arts, quoted as commonly repug- 
nant to Calvinists, are characteristic of the Irish, do not the Wfelsh 
alscrpossess a great measure of these gifts? It may be inferred that, in 
r these cases, factors other than religious ones open 5 *"'* ♦« '*“*“-mine 
the course of intellectual development. 

Other social institutions: industry and commerce have* clearly in- 
fluenced the rise of science. The relationships between mining and the 
metallurgical arts on the one haad, ( and mechanics and chemistry on 
the other, are obvious a priori, and are abundantly confirmed,by the 
facts ofhistor^. The industrial and economic factors in the growth of 
science, indeed the industrial origins a of science and the correlative 
importance of the artisan and technician in contributing to scientific 
progress, were repeatedly stressed By Victorian writers like Whewell, 
Playfair, Lockyer and others. That theories of v the social motivation 
of science 1 should become widespread in a utilitarian age is not, per- 
haps, surprising; especially in a society becoming increasingly aware 
of the industrial and social importance of science and, at the same 
time, moving towards the liberal democratic state. Accordingly, Play- 
fair was voicing a fairly general opinion when, eighty-five years ago, 
he asserted that the springs of action in science were located in the 
industrious classes, while, on the other hand, an aristocratic society 
was not— and never had been — one which would be favourable for 
the advance of science. — 

There is some danger that theories of this nature become unduly 
extrapolated and the advance of science reduced to the status of a 
dependent variable of what are alleged to be large-scale social or 
economic movements. In these cases science is regarded largely, or 
entirely, from a utilitarian point of view ; it is held to be the “cutting 
edge’* of engineering and technology and, as such, entirely subordin- 
ate to, and dependent on, social needs. In brief, it is said that science 
is no more than the means to the end of extending mastery over 
nature. Sometimes a moral imperative is added : Comte, it will be 
remembered, applied the test of fecundity to science and would, as a 
result, have prohibited such “useless” studies as astrophysics. But 
criteria of this kind cannot be used : on what conceivable grounds can 
we jifetify the assumption that a science which is “iseless” today will 
tbe equally “useless” tomorrow? Is it not possible fhat it might prove 
to be of the greatest practical benefit? Science deals with the at- 
present*unknown ; how can current “social needs” determine which 

1 Theories of this nature can be traced back to the Middle Ages. 
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Of ft number of unknowns wity prove of the greatest fruitfulness in the 
future? 

With regard to theories of the social determination of science, let 
us consider, for example, a proposition of the kind that the advance 
of science, either generally or during certain historical periods, can be 
understood in terms of the economic and technical requirements of 
certain social classes. Tf major scientific developments take place in 
response to socio-economic needs, then, ex hypothesis an examina- 
tion of thd history of science should reveal a pattern <jf development 
of the various sciences which can be interpreted accurately by refer- 
ence to the economic history of the appropriate social classes. Now 
even if we grant for the sake of^argument that such parallels can, in 
fact, & found, before the interpretation can be valid Uis necessary to 
prove that the problems in every science, at any given time, are all 
equally capable of solution, requiring only a “biassed” social stimu- 
lus for one group of problems, rather ^han another, tp be solved. (In 
other words : we must be quite sure that the agent governing scientific 
development is the external, social, one. Specifically this means that 
you mdsUnrove that, in the seventeenth century for example, ehemi- 
cal, bioTogIcal, geological etc., revolutions were all possible, etfbally 
with the Newtonian revolution, and could, therefore, have taken 
place had the appropriate social stimulus occurred.) It is, however, 
impossible to see how this proposition can be proved : yet without it 
we cannot even begin to justify the above interpretation, and the 
theory falls to the ground. And, for that matter, any theory which 
would explain the advances of science in terms of generalised social 
institutions must either fail, or be tautological, despite the plausibility 
with which correlations of this kina can sometimes be established. In 
fact, we do not usually require theoretical analysis in order to refute 
such theories ; we find, for example, that the doctrine of utility breaks 
down when we attempt to apply it to such important sciences as 
electricity and sidereal astronomy, both of which were pursued with 
zeal and ability for several hundred years while remaining of little or 
no practical use at all. To take another, and very familiar, example, it 
has been said that the expansion of sea-borne trade was the great in- 
centive to that work which culminated in Newton’s Principia. An in- 
centive no doubt it was, but it is very far from clear just what iiftefcsts 
Copernicus, Kepler, Descartes and Galileo had in maritime affairs, 
nor, indeed, what common economic motive can be detected gi their 
works . 1 

The great advances in nAthematics, mechanics an& astaononfy 
from the time of Copernicus onwards owed much to fruitful cross- 

1 Sir G. N. Clarke deals very judiciously with this aspect in his Science and Social 
Welfare in the Age of Newton . 
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fertilisation between these sciences as well as to certain technical 
innovations such as the invention and development of the telescope. 
The process ,pf discovery and inference culminated in the realisation 
that tile solar system could be regarded as a working physical model, 
the details and movements of which could be accurately described. 
What was required was an interpretation and this Newton parable to 
provade. On the other hand the non-Newtonjan sciences, while not 
'without many devotees of genius, were not able to make such 
revolutionary progress : in chemistry, biologyetc., the phenomena were 
complex and were did not exist any form of “working model". The 
great correlations in these sciences were yet to come. 

This bfief argument suggests that^ apart from those social institu- 
tions which, at different times, provide mental and material incen- 
tives for the pursuit of science, two further factors governed scien- 
tific development. These were, firstly, the existing structure of know- 
ledge together with what may oe called the “inherent opportunities" 
of the situation and, secondly, the quite unpredictable emergence of 
men of genius and their response, in terms of rational creative 
thought, to the opportunities presented. 

While these, and possibly other, factors determined the level of 
scientific activity there was virtually no formal organisation of 
science: there were no structures of authority and subordination, no 
limitations of function, no professional associations etc. Science was 
conducted by amateurs and even research of admitted national im- 
portance Was left to individual goodwill : John Flamsteed, the first 
Astronomer Royal, had to equip the observatory at his own expense. 

Even the universities, the patrons of learning, failed to achieve any 
notable organisation of science, tn the early years university educa- 
tion was based on the study of the seven liberal arts followed, after 
graduation, by continued study in the great faculties of Divinity, Law 
and Medicine. The liberal arts and one of the professional faculties 
were, judged by contemporary standards, of a scientific nature ; a fact 
reflected in the men of science to be found at medieval universities: 
early Oxford had a famous school of astronomers besides individual 
pioneers like Robert Grosseteste and Roger Bacon. Unfortunately 
these institutions did not prove sufficiently adaptable and, in later 
yeatsf rigidity crept in ; studies became formal, philosophies dogmatic 
and unalterable. The reaction, when it came, took the form of a pro- 
test b^ the humanists against what had become |the dry pedantry of 
the scholastics and the reform, which the humanists achieved, was the 
^corporation of the study of classicaHiteraturq in the arts faculty. 
This fonji of liberal education became increasinuy important in the 
universities and professional training was gradually "abandoned to 
such^xtra-mural colleges as the'lnns of Court. * 
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The decline of endowment of educational foundations during the 
seventeenth and eighteenth centuries coupled with the triumph of 
Aristotelean educational theory at the universities indicates that 
university education was becoming increasingly the prerogative of 
thouipper closes: & literary education is an upper class education. 
This whs hardly a favourable conjunction for university science. # 
During the years of decline, therefore, the brilliant assembly of 
scientists at the universities over the period of the Newtonian revolu- 
tion stand out as a defiance of circumstance. They did not mark the 
beginning of the modem universities, conceived as centres of research 
and active scholarship; rather the^ represented the last and greatest 
efflorescence of the Medieval Schools. (Was it not symbolic that 
Newton himself entered college as a Sizar : as a “poor scholar”?) 
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EIGHTEENTFUCENTURY 

BACKGROUND 

A lthough the scientific achievements of the eighteenth century 
were substantial, the technological triumphs were of at least 
JL Xequal interest. The men associated with these triumphs, men 
like Newcomen, Smeaton, W w att, Wedgwood; etc., were scientific 
technologists, capable of using scidiitific method and knowledge in 
their practical work and often, in return, making contributions to 
“pure” science. The rise of these scientific engineers was, paradoxi- 
cally unjaccompanied by a systematic development of applied science. 

TEe achievements of the eighteenth-century scientific engineer, 
wrought in the absence of a formal or systematic applied science, 
make it; necessary to specify briefly what we mean by “pure science”, 
“applied science” and “technology”. We may define science as an 
endeavour to make sense of the world around us by seeking to 
establish rational relationships between the facts of human experi- 
ence; t‘he experiences — of heat, movement, change of state, illumina- 
tion, e tc. — being grouped in kind, irrespective of particular manifesta- 
tions. |Thus # , while there is a science of motion, there is no science of 
fallingjapples.) In practice the rational relationships aimed at take the 
form qjf universal laws of nature having hypothetical status ; liable al- 
ways fto supersession, modification or subsumption within more 
general laws. It is the inclusion of laws within a more general law that 
marksithe advance of a science. 

Thej term “applied science” can be, and often is, used to describe 
the practical application of the laws of science. In this way a technolo- 
gi$t r or engineer building a new machine or plant will base his designs 
on ttiie well-established laws governing the materials etc. involved, 
undeir the conditions to which he anticipates they will be subjected. 
Alth&ugh this process may well involve complex Calculations and will’ 
<Jem/and profound knowledge of the scjentific la\|s and principles in- 
volvjed l thef technologist concerned does not envisage testing these 
lawA ; not does he seek to discover mefre general opes, indeed the laws 
^re {accepted as “given” in these cases and their validity is un- 
questioned; it is very easy to see that should the relevant laws be 

10 
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invalid then disaster or even tragedy will result. We should, therefore, 
more properly describe the work of the technologist and engineer as 
the “application of the results of science” and not* as “applied 
science”. 

Hie term “applied science” should, I think, be restricted to the 
actual investigation by the methods of “pure” science, of laws rele- 
vant to the “subject matter” of the particular industry concerned. It is 
science restricted only by the foreseeable interests ofindustry. Applied 
science, st> defined, can be very broadly subdivided jnto two types. 
The one type is concerned with the actual processes of the industry, 
with the efficiency of operation of the plant or machinery. Of this 
type of applied science the researches of Liebig and Playfafr into the 
operation of blast furnaces form a classic example. The other type is 
concerned with the products of industry, and takes the form of a 
search for new materials or articles for public consumption, as 
exemplified in the modern world by tTie systematic discovery of new 
plastics, of improved thermionic valves and transistors, etc., etc. 

On the social scene the widespread practice of applied science is 
manifested bv the industrial or government research laboratory and 
by the existence of a distinct group of professional applied scietftists. 
(This requires no proof. It is an evident fact of the modern social 
scene.) In spite of its importance, this activity, as we have already 
pointed out, is very new ; in England it has been practised for no more 
than sixty years. It is obvious that the use of such sophisticated tech- 
niques as a matter of industrial practice represents a revolutionary 
change. But it is not at all clear that applied science, with its research 
laboratories and their staffs of professional scientists, should have 
developed smoothly, logically, from the old habits of industry — in- 
herited or transmitted skills, rule-of-thumb and craftsmanship with 
occasional invention imposing its arbitrary change on the previous 
pattern. The question therefore arises — how did this come about? 
And it is at once apparent that it is a very complex and difficult 
question. It involves the changing economic structure of the country, 
the advance of science and a whole array of social questions, each of 
great difficulty. We cannot hope, in what follows, to do more than 
examine a few facets of the problem. 

Iris true, a priori, that for applied science to be practised <fn*any 
scale there must exist in the given society a general appreciation of 
the value of science and a knowledge of the possibilities of its applica- 
tion. There must also exist a recognisable class, or group, of trained 
professional scientists financially dependent on their vocation for 
their livelihoods, and this class, in turn, implies the existence of an 
educational s^btem properly equipped to provide that training and a 
number of research laboratories, maintained by the State or by id*- 
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dustry or by both, wherein the vocation can be practised. Beneath, 
and governing, these essentials are the social condition of the society 
and the received ideas of public welfare. Judged by these criteria we 
cannot say that applied science was practised in any other than a very 
rudimentary form in the eighteenth century; although ljere and there 
a brilliant exception — James Watt for example — appeared fis if in 
defiance of generalisation. 

There remains one .more condition to be fulfilled before applied 
science can be substantially practised. Evidently, beford you can 
apply science you must, in the manner of Mrs Beeton, have a 
science to t apply ; and over the greater part of the eighteenth century 
the only science to have achieved a degree of maturity was Newtonian 
mechanics. Chemistry, biology, heat, electricity, light, magnetism 
were all in a “progressive”, empirical stage, a feature of which was the 
number of different concept^ used: “phlogiston” in chemistry, 
“caloric” in heat, “subtle fluids” in diectricity and in magnetism, “dis- 
crete particles” in light. A multiplicity which, as professor Dingle puts 
it, “was not a fault but a sign of immaturity,” [/] and which implied 
that each branch of science whs necessarily independent o'f every 
other branch. Immaturity of this kind renders impossible the syste- 
matic application of science as defined above. How, for example, 
could there be a scientific “applied chemistry” when the phlogiston 
theory dominated that science? 

Despite the “individualism” of the different branches of science 
and their consequent isolation from each other, the eighteenth- 
centuiy scientist was not, generally, a specialist. His contributions 
were not limited to one branch o/ study but often ranged over very 
wide fields indeed. For example, three of the most notable scientists 
of the time — Black*, Priestley and Cavendish —made contributions to 
physics 1 as well as to chemistry. Moreover, it was very probable that 
an eighteenth-century scientist would be an amateur. That is to say 
he would not be gainfully employed as a scientist, or, if self-employed, 
there would be no evident connexion between his occupation and his 
science. The word “amateur” as used in this context should not be 
equated with “dilettante”, still less does it imply an inferior degree of 
ability. Perhaps this will be clear if I point out that such amateurism 
was not confined to the natural sciences : Gibbon, for example, *was 
an amateur historian and Hume an amateur philosopher. Men like 
these, whether scientists or not, are best described as devotees, and 
^te quality of their amateurism can be properly inferred from the 

1 This, of course, is an anachronistic use ef the word. The tern® “Physics” did 
not become common until the later nineteenth century. It was borrowed from the 
(tomans. Prior to this, “Physics” was partly subsumed under ‘^Natural Philo- 
soph/’. 
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tributes paid to them. Thus: “His leisure and his fortune were 
devoted to the promotion of science” (Rev. John Michell), [2J»and : 
“Geology had kept him poor all his life by consuming hit professional 
gains” (William Smith). [J] 

This raises the question of the extent to which amateurism was 
characteristic of science at this time. Before 1 give an estimate §f the 
number, it must be stressed that it is extremely difficult to separate 
science from its collateral activities ; “pure” science shades off imper- 
ceptibly ihto applied science ; also, in another direction, into philo- 
sophy. We can, no doubt, separate science from its near relatives — 
engineering, technology, philosophy— using the criteria of the 
methodologist. But when we consider the personnel of science the 
problem becomes far more complex — one man might be a scientist 
one day, a technologist the next! If, however, we limit ourselves to 
those scientists who contributed significantly to the advancement of 
rational knowledge, irrespectivefof whether their motives were tech- 
nological or philosophical, we find that of 106 leading scientists of 
th^. century, some 40-50 must be classified as amateurs, or devotees, 
while in many of the remainder the afnateur element was strong. 

A signli‘c..nt contribution can only be inadequately defined one 
which was of fundamental importance and proved fruitful for later 
development. Obviously it is impossible in the space available to 
justify the selection of each one of the 106 scientists ; their names, and 
thus the reasons for their selection are to be found in the history of 
science and the sources are such standard works as Wolfes History of 
Science, Technology and Philosophy in the 18 th Century, together with 
Ludwig Danostaedter’s comprehensive work of reference. [4] In 
most cases biographical details can be obtained from the Dictionary 
of National Biography and other sources, although in a few cases too 
little is known to permit of classification. 

It is even less easy to draw a line between amateur and professional. 
In a number of cases there was an oblique connexion between the 
profession and the science. Consider, for example, the r ase of a medical 
man disposed to research. If he made contributions to anatomy and 
physiology we must classify him as a professional scientist : there was 
a connexion between his profession and his science. If, however, his 
tasfts ran to botany or to astronomy it is correct to describe hiffi as ( 
an amateur. Again, some scientists started as amateurs and ended as 
professionals, as did Sir William Herschel the Astronomer JRoyal, 
who was originally a musician. Others started as professionals and 
ended as amateurs, as did several Cambridge men who resigned thefr 
Fellowships yn being awards! Churc' Livings. Clearly^ in these 
border-line examples, classification ipust be governed by judgment of 
the individual cases and no hard and fast criterion can be set up# 
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The three leading professions represented among the 106 scientists 
are medicine, technology and the Church in the percentage of 20, 15 
and 10 per cent respectively. (These figures are, of course, very ap- 
proximate. Technology includes such occupations as engineering, 
surveying and instrument making.) The third learned ( profession is 
not well represented and, in fact, lawyers — with some very* dis tin- 
wished exceptions — do not seem to have shown quite the same taste 
for science as the clergy and, a fortiorj, doctors have done. Possibly 
this was because the pursuit of law has always been a highly special- 
ised occupation, demanding the closest attention from its votaries if 
the greatest rewards, intellectual, and material, are to be achieved. 
Also, of course, the study of law ha's never had any direct relation- 
ship with the pursuit of natural science. 

Corresponding to this prevailing amateurism was the state of the 
English universities which, continuing in decline, partook in liberal 
measure of eighteenth-century corruption and inefficiency. An 
historian of Oxford University, A. D. Godley, t^lls us that they were 
denationalised ; being monopolised by the upper and middle classes 
while the yeoman class — Newfon’s class— was but scan til/ repre- 
sented. [5] In this they compared unfavourably with the Scottish 
universities which were far more democratic and “open”. Moreover, 
the application of the Tests excluded from the universities a large pro- 
portion of the population : Dissenters, Roman Catholics and Jews. 

, Within the universities election to office was too often the result of 
favouritism, and a Fellowship or Chair, once achieved, was too often 
regarded as a sinecure ; the obligation to lecture or to teach being 
conveniently forgotten. The studies of law and medicine remained 
outside the province of the universities and the greater part of those 
students who were not to lead a life of leisure read for the B.A. 
degree, and most of these probably intended to take Orders. The 
universities were dominated by the wealthy and indolent colleges to 
such an extent that the Oxford and Cambridge of those days could be 
described, not unfairly, as groups of exclusive, if somewhat eccentric, 
clubs. Consequently the number of matriculants fell steadily, not 
only relatively but absolutely, so that by the end of the century the 
nobility and the very wealthy formed a disproportionately large ele- 
ment 'm the undergraduate population. This could hardly pass With- 
out comment, even in a very indulgent age. In 1776 Adam Smith sub- 
mittec^the universities to the test of utility : “Have those endowments”, 
he asked, “contributed in general to promote the end ©f their insti- 
tutions . . I Have they directed the course of education towards ob- 
jects morg useful both to the individual and to the public, than those 
to which it would naturally haye gone of its own accord?” He an- 
4Wer«d his own question : “In the universities the youth neither are 
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taught, nor always can find # any proper means of being taught, the 
sciences which it is the business of those incorporated bodies to 
teach.” [ 6 ] 

On behalf of the universities it is only fair to remember that they 
werfj, in lar^e measure, the victims of obsolete but immutable 
statute* imposed on them by T udor and Stuart governments. Fur- 
thermore, in an age when corruption and its camp-follower intom- 
petence were general to all organisations it would have been remark' 
able had die universities escaped the contemporary failing. Yet, not 
withstanding the observations of men like Adam Smith, Gibbon 1 anc 
others, there must always have been a sound core of hardworking 
students and many of these musPhave come from homes by*no means 
wealthy. Also there were, among Fellows and Professors, some very 
distinguished men of science : Roger Cotes, Richard Watson, William 
Whiston, George Atwood, Isaac Milner, Edward Waring and others 
carried on the traditions of learning a fid research and, in some cases, 
gave successful lectures on experimental science. 

The most interesting university developments of the time were the 
rise of mathematical studies and the gradual emergence of the examin- 
ation ‘vyift m, both of which took place at Cambridge and both of 
which indicated, and implied, reform. 2 The importance attached to 
mathematical studies owed something to the fame of Newton but it 
was also valued highly as a part of a liberal education; in which 
respect it probably owes much to the long tradition of English 
Platonism. [7] On a less philosophical plane, mathematics was re- 
garded as a suitable mental discipline for those who intended to take 
up the profession of law. But there was no idea that the traihing of 
professional mathematicians and physicists was a desirable object ; 
nor was it generally considered that the universities should contribute 
to the advancement of mathematical science. In the light of this atti- 
tude it is easy to understand why there was no associated school of 
progressive mathematicians. An adherence to Newton's strict geo- 
metrical forms and to his fluxional notations meant that the new 
analysis and rational dynamics as developed in France were neither 
taught nor understood in England. (Not until 1803 was a book on 
analytical methods published in this country.) 

Meanwhile the old oral disputations — ‘‘acts and opponen«iw” — 
were being gradually supplemented by, and were eventually to bd 
superseded by, written examinations with the questions at first orally 
delivered but later given on printed papers. The justification*for the 
written examination was thaft it constituted a fair test fqf thnge aspir- 
ing to honours or to college office. It vnded to reduce favouritism 

1 Autobiography. , 

* The first Mathematical Tripos List was in 1747. 
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and was, moreover, efficient and economical in the operation of 
sepatating the sheep from the goats, the able from the obtuse. Before 
the century yas over, Dr John Jebb and his friends were trying hard 
to make it compulsory for all Cambridge students to submit to ex- 
amination once a year. In this they failed, but the attempt itself t was 
indicative of changes to come. [5] 

The Dissenting community, excluded from the universities Dy 
•repressive legislation, were faced with the problem of the higher edu- 
cation of their youth ‘and the training of theii clergy. W6althy dis- 
senters could, *and frequently did, send their sons to Scottish or 
Dutch universities, but such a course was open only to a few. It was 
to meet a 1 more general need thal thti well-known “Academics" were 
established. At first fugitive and peripatetic, these colleges were always 
served by devoted and capable men, and some establishments, 
notably the one at Warrington, later achieved great distinction in 
staff, students and standard of Work*, Towards the end of the century, 
with the spread of Unitarianism, there went, pari passu, a passionate 
zeal for intellectual freedom and a keen interest in natural science; 
previously the emphasis had been rather on the classics and theology, 
altheugh science, together with law and philosophy, had never been 
neglected. [9] Some of these Academies were even able to form col- 
lections of "philosophical apparatus”— air-pumps, frictional electric 
machines and the like —for demonstrations to the students. 

But the colleges were unendowed and, with no state aid, their con- 
* tinued existence could not be other than precarious. Although a few 
managed to survive, eventually to become theological colleges or 
schools, the greater number perished before the ertd of the century. 
Strangely enough their demise was' expedited by the repeal of the laws 
which prohibited dissenters from teaching. 

A second factor related to the prevailing amateurism was the un- 
developed state of many of the sciences. This I have already touched 
on. It is sufficient here to remark that not until 1735 did the first 
chemistry text-book, Boerhaave’s Elementa Chemiac (1732) appear in 
English and books on applied chemistry did not become common 
until the end of the century. One example of these books was 
Richardson’s Chemical Principles of the Metallic Arts (1790). De- 
signed* for the use of manufacturers, this work was unfortunately 
•vitiated by the author's acceptance of the phlogiston theory. It is an 
indication of the relative slowness of the diffusion of scientific know- 
ledge ai that time that, in 1806, the book was republished quite un- 
cbrrectgd — although reference was madi to the “French” (Lavoisier) 
system of chemistry. Other books appearing during this period were 
the translations of Berthollet (1790 and 1791) and the works of 
Archibald Cochrane, Cullen, William Henry and Richard Watson. [70] 
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But the age which invented and applied the steam engine was 
necessarily one of vigour, of social change and development. ISfetur- 
ally, therefore, there were warning and prophetic vojpes. In 1782 
Thomas Henry foresaw the need /or a closer union between science 
and.technics when he complained to the Manchester Philosophical 
Societ>*that “The misfortune is that few dyers are chemists and few 
chemists dyers” and, a little later, Thomas Barnes, a Unitfirian 
divine and of the same society, agreed with Henry and added that 

. . a fc$ of our mechanics understand the principles of their own 
arts and the discoveries made in other collateral and Vindred manu- 
factures”. [//] But William Jackson, as befitted an ardent believer in 
progress, was optimistic. In his ftpinion : “. . . wc are doinjf the drud- 
gery f>y which the Golden Age is to profit,” and, “Perhaps, some 
other power may be discovered, as forcible and as manageable as the 
evaporation from boilmg water — another gunpowder that may super- 
sede the present — and other applications of the mechanical powers 
which may make our present wonders sink into vulgar perfor- 
mances.” [12] We would hesitate before describing our own times as 
a Sfold&n Age, but, considering that Jackson wrote when steam power 
was it. ha v> ly infancy, it must be agreed that his prediction was as 
remarkable as it was correct. 

Not, perhaps, unrelated to this mingled optimism for the future 
and discontent with the present, there occurred, towards the end of 
that century and in the opening years of the next, the foundation of a 
number of special societies devoted to the pursuit of science. Partly 
this movement was due to dissatisfaction with the lethargic Royal 
Society and With the tyrannical rule of its president. Sir Joseph*Banks. 
Partly it must also have been due’to the wider diffusion of scientific 
knowledge and to an increasing pace of scientific development — the 
optimistic component. Among the new societies were the Linnean, 
the Zoological, the Geological, the Astronomical and the Royal 
Institution; and besides these, a number of philosophical societies, 
like the one in Manchester, also sprang up. The Poyal Institution 
(1799) could, in theory at least, have developed into a technical col- 
lege as its founder, Rumford, had intended. This it did not do, al- 
though far-seeing people were beginning to predict that such colleges 
woftid soon be necessary. At Manchester a group which ineltded 
Thomas Barnes proposed the foundation of a Science and Commer- 
cial College for the city; the syllabus to include mathematics^ belles- 
lettres and natural philosophy was well as law, history, commerce 
and ethics. First place, however, was to be given to cfeemiitfry artd 
mechanics because of their importance f r manufactures, yj] Barnes 
had a remarkable appreciation of the possibilities of applied science 
and expressly hoped for the discovery of “ the happy art of competing 
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together liberal science and commercial industry ”, words which 
reveal great prescience. [14] The institution was, in fact, founded, 
and for a nuptber of years lectures were given ; notable among them 
being Thomas Henry’s applied chemistry lectures, which included 
courses on bleaching, dyeing and calico-printing. In 1786 the Man- 
chester New College was founded and this institution brought the 
•llustrious Dalton to the city. 

However, even taking these hopeful signs into consideration, it 
does not seem that the social institutions of the eighteenth century 
were well adapted for the advancement of science, either pure or 
applied. With few opportunities for the practice of applied science 
and then 'only on a piecemeal basis, with educational foundations 
that were ineffective 1 and with a Royal Society that was little more 
than a gentleman’s club (the social fellows outnumbered the scien- 
tific) [/J] it is, at first sight, remarkable that the natural sciences 
could have advanced at all. As if tha* were not enough, there was also 
much quackery and unbridled speculation ; as, for example, the book 
published in 1798 : “The Sublime Science of Hehography ; or the Sun 
no other than a Body of Ice ; overturning all the Received Systems of 
the Universe.” Yet in compensation for all these drawbacks, the 
eighteenth-century scientist had the heritage of the Newtonian sys- 
tem and also enjoyed great freedom in his work. This freedom was a 
great advantage for we still have much to learn of the imaginative 
process of invention and discovery. The advance of knowledge is not 
' only a function of the intellectual heritage; neither is it automatic or 
inevitable. Such facts alone justify the very highest degree of intel- 
lectual freedom. That constraint, or standardisation, is fatal to 
science follows from T. H. Huxley’s [16] thesis that the advance of 
natural knowledge has been largely effected by men of opposite, con- 
flicting mind; the one being imaginative and synthetic, aiming at 
broad, coherent conceptions of the relations between phenomena; 
the other being positive, critical and analytic. 

More specifically we cannot foretell what natural material a 
creative scientist — for all science is creative — will succeed in co- 
ordinating within his theories. If the progress of science is towards 
unification, as 1 believe the history of its development shows it to be, 
the scientist will probably have to collect his material from diverse 
•fields of experience. Generally speaking, the greater the theory the 
wider the fields it will be found to cover and the more diverse the 
phenomena it will succeed in correlating. Also we cannot predict the 
intellectual routes which the scientist may follow, nor the heuristic 
devices which he may use. (Dalton*, for example, was led to the 

1 Indeed the development of Greshapis College, which could have led to an early 
University of London, was actually aborted in the eighteenth century. 
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atomic theory through the study of meteorology.) For this reason it is 
not surprising that contributions to one branch of science are eftcn 
made by men whose training has been in other branches. The con- 
clusion we are forced to is that ye cannot tell from which quarter 
enlightenment may come, and it seems very reasonable to suppose that 
this is still the case today. 

That scientific freedom was effectively used in the eighteenth*cen- 
tury is demonstrated by the substantial advances made in natural* 
knowledge : Hei schcl discovered the planet Uranus qpd gauged the 
shape of the island universe ; variable stars were discovered, and it 
was shown that Newtonian laws qpplied outside the solar system; 
Bradlgy discovered the aberration of light and understood^ its signi- 
ficance ; a scries of researches carried the new science of electricity up 
to the point of the verification of the inverse square law, the dis- 
covery of the condenser, the nature of lightning and almost up to the 
discovery of current electricity tfnd tfie formulation of circuit con- 
stants; Joseph Blaclj propounded the theory of specific and latent 
hq^Js and was able to evaluate them, and m chemistry the brilliant 
researches conducted by Black, Priestly and Cavendish made pos- 
sible tkw lUu'iiphs of Lavoisier and his school. 


Continental Dr vi lopmlnts 
It is reasonable to suppose that the distribution of scientific and 
technical skill is moie or less uniform among the European peoples. 
If this is the case, differences in development of pure and applied 
science must be asci ibed to differing social organisations of tlie vari- 
ous countries. This is to say no mote than that social institutions are 
more important for the development of science than are — probably 
unmeasurable — differences in scientific ability. Ha. mg made this 
assumption, it can be taken for granted that the way in which science 
is pursued in any particular society will reflect the social patterns of 
that society. Although generalisations in social and historical matters 
are apt to be very misleading, we can, perhaps, observe that the be- 
wildering diversity of men engaged in science in England up to 
recent times was but a reflexion of the marked individualism of 
English life; that individualism which has revealed itself Sn* the 
diversity of religious belief and practice as well as in the freedom of 
English political institutions. We are not surprised, therefore when 
we find that English scientists have subscribed to all religions, or to 
none, that they have come from all walks of life— from pittnen to 
peers, that thfir political allegiances h. e ranged from high Tory to 
radical revolutionary and that thejr vocations— when amateurs — 
have been almost as many as their numbers. It is difficult to believe 



20 THE ORGANISATION OF SCIENCE IN ENGLAND 
that any country in the world can riv^l England in the rich social 
diversity of its men of science! 


(a) France 

Prior to the events of 1794 there had existed in France a school of 
artillery at CMlons sur Marne, the Ecole des Ponts et'CKauss£es 
(174^), a School of Naval Engineers and, nominally, a School of 
Mines. The universities of France had long been moribund, and were 
finally swept away by the revolution. Despite the inefficient uni- 
versities, there had been no lack of scientific genius in France ; quite 
the contrary in fact, for the value of French contributions to every 
branch of science in the eighteenth century is beyond dispute. 1 

Towards the end of the eighteenth century the need for systematic 
technical and scientific education began to be felt in France as in 
England. In 1791 Mongc suggested the establishment of a science 
school and, at about the same Condorcet and Tallyrand put 

forward a system of education for general engineers. In 1793 Lavoisier 
laid before the National Convention a comprehensive and liberal 
scheme for universal education' in the arts and sciences. [/7] In the 
following year Monge and Lamblardie obtained a favourable 
decision from the Committee of Public Safety for the establishment 
of a school for scientific engineers. The course of instruction was to 
last three years, students were to be paid by the state and selection 
was to be by examination. The syllabus was to include mathematics, 
physics, chemistry and civil engineering. 

In November 1794, six months after the judicial murder of 
Lavoisier, the new school was opened. It had enrolled 349 students 
and included among the teaching staff were such famous figures as 
Berthollet, Chaptal, Fourcroy, Mongc and Vauquelin. But despite 
this hopeful beginning the years which followed were difficult for the 
Ecole Poly technique. Money was scarce and students fell to 300 and, 
in 1797, to 200. Political interference resulted from the suspicion that 
the discipline of instruction violated the principle of equality, and 
conscription provided another difficulty : “equality’* demanded that 
some 90 students should serve as infantry privates. Gradually, how- 
ever, the tide began to turn; talent began to show itself among the 
students. Napoleon supported and protected the school (39 students 
'went with him on the expedition to Egypt), and it was seen that the 
experiment justified itself, for it filled the French armies and public 
services with efficient engineers. This was hardly surprising for among 
ite professors and students were numbered practically all the leading 
French savants of the early nineteenth century : Lagrange, Poinsot, 


1 Consider Monge, Maupcrtuis, S# Venant, D’Alembert, Laplace, Lagrange, 
Couioenb, etc. to say nothing of^e JLfc^s^rSchool. 



EIGHTEENTH-CENTURY BACKGROUND 21 

Gay-Lussac, Fourier, CarnoJ, Fresnel, Ampere, Fourcroy, Malus, 
etc. 

The uniqueness of the Ecole PoJytechnique lies in th* fact that it 
was* the first attempt at a college §f applied science in tlie world. Its 
scientific nature is fully guaranteed by the above names ; its techno- 
logical bent is clearly indicated by the course of studies. Indeed, it is 
fair to say that the first step in the invention of applied scien& is 
chiefly attributable to France {the second step was taken by Ger- 
many) ; add, in this connexion, it is not necessary to do more than 
mention the technical work of such French chemists as Lavoisier and 
Berthollet. Moreover, a strong impetus to applied research was given 
by the stresses and shortages re?ulting from war and blockade ; the 
State patronised the LeBlanc soda process and encouraged chemists 
to develop the sugar-beet industry ; researches were carried out on 
gunpowder; new sources of saltpetre were found and new methods of 
refining it were evolved ; the beslfavaillble knowledge was applied to 
steel-making for munitions ; chlorine bleaching was popularised and a 
coffee substitute discovered. [/S] Even in that activity which the 
English* have always prided themselves upon, the brench were 
definitely am ad in one important aspect . of shipbuilding G. S. Laird 
Clowes tells us that up to Trafalgar “much was learnt from captured 
French prizes, for our neighbours had long treated naval architecture 
from a more scientific standpoint”. [79] Nor should we forget French 
initiative in such matters as lighter-than-air flight and food preserving 
(canning). Significant too, was the introduction of rational units of 
measurement ; the metric system. 

Other French achievements in the field of scientific education at 
this time were (a) the foundation # of the Conservatoire des Arts et 
Metiers which originated in Vaucansoifs collection of machinery 
(1775) and in the work of a Commission in 1793, and the founda- 
tion of the Ecole Centrale des Arts et Manufactures (IS? 1 *), a private 
enterprise college for the training of factory owners and managers in 
the principles of scientific industry. 1 

There followed, however, one unfortunate development. In 1808, 
Napoleon, “with the power of a despot and the instincts of a drill 
sergeant” (Lyon Playfair) united the entire higher educational system 
of France into one centralised “University”. It was geom&rifcal, 
Cartesian aud, in the long run, almost certainly bad for French 
science. In later years the system was bitterly criticised by French 

1 Discussing Carnot’s theoretical analysis of the steam engine, Mr H. X. 
Pledge [ 20 ] says that “it was typical of the difference between the^two rations 7 * 
that France, rather than England, should first p ducc the theory. I am not quite 
certain what he *ias in mind but 1 would suggest that it does indicate French 
superiority m applied science and the great importance of the Ecole Poly technique 
in this respect. 
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scientists of the stature of Pasteur and J. B. Dumas. The war of 1871 
destroyed the “University” but some rigidity seems to have persisted 
for, as late as 1897, the eminent German chemist Ostwald regarded 
French scientific conservatism as due, largely, to the educational 
system. 

(b) The German States 

It was at a time of national defeat and humiliation following the 
battle of Jena that Wilhelm von Humboldt (brother of the equally 
famous Alexander von Humboldt) was appointed to direct the 
Prussian r Education Department From the day of von Humboldt’s 
appointment may be dated the reorganisation of German education. 
Apait from compulsory and universal primary education there was 
evolved an excellent system of State secondary schools, Gymnasia and 
Realschulen. The former were classical, though not without science, 
and were the main feeders of the universities ; the latter were “modern” 
andtechnical.with more science and modern languages and no Greek ; 
these later became the main feeders of the Technical High Schools. 1 
This pattern of secondary education became, with some lo6al vari- 
ations, general throughout the German states. 

One of the first fruits of von Humboldt’s administration was the 
founding of Berlin University (1809), strangely enough at much the 
same time that Napoleon was forcing French higher education into 
its bureaucratic strait-jacket. The situation as it developed was para- 
doxical, for although the German universities were State institutions, 
suppqrted by public funds, each one with its State representative — 
the Curator — and although the professors were recognised officials of 
an authoritarian government, they yet retained remarkable freedom. 
It was their boast, and it seems to have been justified, that in Ger- 
many every scholar was a professor and every professor a scholar. 
They believed, and held to their belief, that two freedoms were essen- 
tial for the proper functioning of a university : freedom of teaching 
and freedom of learning ( Lehr - und Lernfreiheit). No doubt there 
were, at times, stresses and strains and occasionally, State interference 
as in the case of the seven professors of Gottingen (1837), but, these 
things apart, the universities enjoyed such steady progress throughout 
the nineteenth century that, by the beginning of the present century, 
they could fairly claim to be the best in Europe. 

Th« German universities were professional schools rather than 
places of liberal education. 2 Most of the students wore preparing for 

1 It is wprth noting that many German scientists of the first rank later strongly 
recommended a classical education as the best preliminary training for the would- 
pe scientist. 

* Titus does not imply that the euucation given was illiberal. 
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the State examinations for gntry into the various civil services, the 
Church, the law, medicine and teaching, and by no means all o&them 
were degree candidates. With one or two minor exceptions the only 
degree awarded was, of course, the famous Ph.D. The usual practice 
of those who aspired to this honour was to attend university lectures 
for thetfrat year or so and then, in the remaining years, to undertake, 
under the direction of the Professor, some original research. Oh the 
completion of this work a thesis was submitted and the candidate had 
to undergo a gruelling oral examination of some hours’ duration. A 
consequence of this organisation was that discipline, so strict in the 
schools, was very relaxed in the universities. In accordance with 
Lernfreiheit, attendance at lectifres* was not compulsory aftd written 
examinations did not harass the student’s career. It will be noticed 
that the German system of making the award of a degree conditional 
on original research .and oral examination was much closer in both 
spirit and practice to the ideas of th^ Medieval University than was 
the contemporaneous English system of awarding degrees to those 
who passed written examinations. 

*?lpart^ from charges of infidelity and “rationalism” the main 
criticise/ 0 1 German universities made by Englishmen was that they 
tended to produce specialists. Thus an English reviewer wrote, in 
1837 : “The Germans are become the most learned men in the world, 
but the least manly, the least capable of being members of free and 
independent communities. . . . Moreover, as a general rule to which 
there are few exceptions, beyond the limits of his own particular 
study the German professor is profoundly, nay ludicrously, ig- 
norant [21 j To take a more moderate example ; an early adifiirer of 
the German universities, writing Ih 1846, agreed that we tended to 
think of the German professor as devoted to special studies : one who 
wrote tremendous theses on small subjects. [22] Bui it is probably 
nearer the truth to credit the German universities with awareness of 
the dangers of over-specialisation and with reasoned attempts, within 
the framework of Lernfreiheit and external demand, *o discourage it. 
Examples of this attitude were not lacking : in the mid-century A W. 
von Hofmann stated explicitly that German universities disapproved 
of “one-sidedness” ; later on Ostwald pointed out that chemistry 
Students were encouraged to take history and philosophy lectures in 
their first year at the university, [23] while before the 1914 war, the* 
educationist Friederich Paulsen eloquently restated the case ^gainst 
over-specialisation and suggested ways of combatting it. 

At tihe beginning of the nineteenth century the position ofcxperf- 
mental science in Germany was not s hsfactory. The ^.-scientific 
philosophy of Hegel was then dominant and the quasi-mystical 
science of Lorenz Oken and y^lbrand tended to denigrate ejper# 
c 
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mental work. In fact the first generation of German chemists, men 
like Mitscherlieh, Oustav Hose, Wcjhler and Liebig were constrained 
to go abroad- for their education— the first three went to Sweden to 
sit at the feet of Berzelius, while Liebig went to Paris and studied, 
under Gay-Lussac [24]. 1 It is to tiebig, more than to anyone else, 
that the subsequent superiority of German university science is due, 
for, fa 1825, he founded at the minor University of Giessen the 
famous laboratory which was to be the fons et origo of agricultural 
chemistry and, only slightly less directly, of the great industrial scienoe 
laboratories in Germany and elsewhere at the end of the century. The 
physics laboratory was a much later development and was one which 
this country, as much as any other, can claim to have pioneered. 

To sum up briefly. It is impossible to deny that the ideal motivating 
the German universities was one of disinterested love of learning not 
only in science but in other fields of knowledge as well ; fields whose 
“utility” was negligible. A lovt of teaming for its own sake was not, 
of course, peculiar to the Germans, far from it, but they seem to have 
succeeded in organising it, without sacrificing the essential freedoms, 
more successfully than any of the ! r contemporaries. 

Aj. the end of the Napoleonic wars the cry for technical education 
was raised in the German states as elsewhere. [25] Partly this was due 
to State requirements for transport, forestry and mining technicians, 
and partly to the national envy of the industrial successes of Great 
Britain. For long the latter country had been isolated from Europe 
and when, to quote a Royal Commission of 1884, “the continental 
countries began to construct railways, erect modern mills and mech- 
anical 'workshops, they found themselves face to face with a full- 
grown industrial organisation in this country which was almost a 
sealed book to those who could not obtain access to our factories.” 
Accordingly technical colleges were founded in Germany with the 
intention of injecting science into the workshops. The Berlin Ge- 
Werbeschule dates from 1821, and similar schools were opened in 
Qarmstadt (1822), Karlsruhe (1825), Munich (1827), Nurnberg 
(.1829), Augsburg (1833), Dresden (1828), Kassel (1830) and Hanover 
(jl831). At first intended for youths of 15 or so, and without considera- 
tion as to whether they were to be managers or foremen, these col- 
leges ^gradually evolved towards university type. The standard 
required for admission was gradually raised, greater self-government 
was achieved, Lernfreiheit was introduced and ultimate control was 
vestea in the Kultusministcrium. Between 1860 and $90 these col- 
leges, including Aachen, founded in 1870, were raised to Technical 
High School status. In 1 879 the Berlin Gewerbeschule was amalga- 
mated with the Bauakademie^ (1799); and finally, fin 1899, the 
1 No German scientists came to England to study. 
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centenary of the latter, the Kaiser raised them all to the status of 
degree-awaydiug universities. By that date they were of eoon&ous 
importance to die German economy and were in process of rapid 
expansion, they were, of course, Sjtate institutions from the very first* 
In this respect the German polytechnics and the universities stood id 
marketbeoatrast to English practice ; while the freedom they enioved 
distinguished them sharply from French institutions. 
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CHAPTER 111 


ENGLISH DEVELOPMENTS: 1800-1840 

T he nineteenth-century envelopment of science in English 
society can be considered as taking place in three distinct 
phases. The first phase began just after Waterloo and was 
notable for the widespread inteiest in science shown by the artisan 
class and the consequent founding of the Mechanics’ Institutes, The 
second phase occurred in mid-tentury and is associated with the 
general spread of the examination system, the founding of the Science 
and Art Department, the Exhibition of 1851 and the personal efforts 
of such* men as the enlightened Prince Consort and Lyon Playfair, 
The thhd pnaso began in the 1880's and was not completed by the 
time the Great War broke out ; to attempt to sum it up in a few words 
would be impossible. Between these phases there were periods of 
relative stagnation : as if each wave of enterprise had exhausted itself. 

The opening years of the new century were marked by important 
scientific developments. On the one hand there were the advances as- 
sociated with the names of Dalton, Young, Davy. Wollaston and 
others and, on the other, there was the proliferation of societies and 
philosophical institutes; activities which indicate a considerable in- 
terest in science on the part of the middle classes. Yet this interest was, 
we may infer, largely amateur, even dileP°rlc, for, Ovir the period, 
there was only one public research laboratory, and tha. was at the 
Royal Institution. 

The popularisation of science was greatly aided by the public status 
and influence ot such men as Davy, Runiford, Wollaston and Young, 
and confirmed by the very evident effects of mechanical revolution. But 
the amateur tradition continued until late into the new century; 
indeed, it was not until well into the twentieth century that thetlelth 
of the “last amateur” occurred. Men like Babbington, Snow Harris, 
Francis Ronalds (one of the first inventors of the electric telegraph), 
the Childrens, Luke Howard^ Francis Baily and Edward Howar^ 
and, later, Warren de la Rue, W. R. Grove, Q.C., Lord Wro^lesley, 
the Earl of Rosse, General Subine, N< -i Arnott, J. P. Gassiot, 
William Spottiswoode and many others were amateurs. Even some of 
the very great — Dalton, Darwin, James Prescott Joule — were of thS 

27 
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class of devotees, and Faraday himself ran be considered one : did he 
not turn down a lucrative career as a consulting chemist in order to 
continue with his independent researches? 

At the beginning of the period tfye diffusion of scientific knowledge 
was to take place within a highly differentiated class structure com- 
plicated by a variety of religious differences. At its best the scheme of 
social rights and duties of the upper classes had decreed that, for the 
poor, . . their morality and religion should be provided for them 
by their superiors, who should see them properly taught it, and should 
do all that is necessary to ensure their being, in return for their labour 
and attachment, properly fed, clothed, housed, spiritually edified and 
innocently amused.” 1 But this period was one of war, of repression 
and revolt, and it was widely believed by the fortunate that to educate 
the working classes would be to invite social disaster. In accordance 
with the prevailing social philosophy, a well known amateur scientist, 
Davies Giddy, later P.R.S., was ariiong those who had, as an M.P., 
bitterly and uncompromisingly opposed Whitbread’s Parochial 
Schools Bill of 1807.* [/] A more liberal man, Patrick Colquhoun, 
the magistrate and police refoimer who had been associated with 
Quaker relief work, would allow an elementary education with due 
emphasis on morals and proper subordination, but “science and 
learning, if universally diffused, would speedily overturn the best 
constituted government on earth”. [2] The fear of science is inter- 
esting ; it sprang directly from the course of events in France. 

The real diffusion of science began first to be effective in the more 
peaceful 1820’s. It was forwarded by the Benthamites and by the very 
progressive school which had grown up in Edinburgh and had, as its 
mouthpiece, the Edinburgh Review. In the Scottish Capital in the 
Closing years of the eighteenth century there had gathered a brilliant 
constellation of talent — John Playfair, Sydney Smith, Walter Scott, 
Dugald Stewart, Francis Jeffery, Henry Brougham, George Birkbeck 
and many others. The scientific element was strong in this school, 
even among thosewhose main interests lay elsewhere : thus the lawyer. 
Brougham, had had the good fortune to have studied under Joseph 
Black. Towards the end of his long life Brougham remembered [J] 
(that Black had given him greater intellectual gratification than did 
fritt, Fox, or any other orator or lecturer he had heard. Another 
interesting member of the Edinburgh School was one of the first lady- 
scientists : Mary Somerville. An able mathematician, she translated 
Laplace’s Mecanique Celeste for Brougham and wrote several other 
6ooksV>f a Scientific nature. [4] } 

This, however, is by the wav. Roughly correlatedAvith class levels 

John Stuart Mill. 

1 Bat Giddy deserves credit for his patronage of the young Humphrey Davy. 
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there were three distinct responses to the scientific and educational 
movement Respectively they were for the upper classes, the* first 
glimmerings of effective university reform , for the middle classes, the 
foundation of London and Durham universities , for the working 
clashes there was that remarkable phenomenon —the rise of Mech- 
anics’ Institutes 

The Birmingham Sunday Society, founded in 1789, has Been 
cicdited with being the first attempt at a Mechanics Institute In 1 796 
it changed its name to the Brotherly Society a*nd had, for an object^ 
the diffusion of a taste toi science among the Bu mmgham artisans [5] 
Geoige Birkbeck knew of this society and when, after Ins appoint- 
ment as professoi ol n itui il ptnlosoph) at the Andersoifian Insti- 
tution in Glasgow, lie commenced his lamous lectures tor artisans he 
may well have had the Birmingh un society m his mind Thcsuccessof 
Bn kbeck’s lectures w*is such th it when he left Glasgow in 1 804 to take 
up practice m I ondon they w»ic continued by his successor, Dr 
Andrew Ure These lectures, and the mechanics’ hi .ary which had 
been founded at the Andcisoman, may be said to have constituted 
tlif first of the Mechanics Institute* But the origination of the Insti- 
tutes c,m i id!} be ascribed to one \i ltuie still less to one man — 
howevci much cicdit is due to Bnkbeck and those associated with 
him Such a vast movement could hardly be conjuied up by one 
individual agency 

Although a I imolhy C laxton had founded a Mechanical Institu- 
tion m 1817 in i ondon, it did not suiuvl, moic than two years, and 
seems to have bten quite unconnected with Bn kbeck s enterprise On 
the other hand the lirst Mechanics Institute to be toi mnlly fbunded 
was the hdinburgh School ol Arts (April 18211 It originated with a 
group of wc ilthy and benevolent citizens, notable among whom was 
Leonard Horner, 1 IRS, and was vfmittedly • 1 pired by the 
Glasgow expeument 1 his School, which later becarn ihe Henot- 
Watt College, offered courses in chemistiy tnd natural philosophy 
and in applied chemist ly and applied mechanics The Glasgow 
mechanics naturally took note of this and, evidently discontented 
with the subotdmate position they occupied in the Andeisoruap, 
finally broke with that Institution and established their own Institute 
m July 1823 It was not long befoie these Scottish experiments Were 
duly obseived in England, especially by the Radical elements By* 
November 1821 Thomas Hodgskin and Joseph Robertson^ of the 
London Mechanic s' Magazine were in correspondence with Birkbeck 
on the subject of an Institufb for London As a result <)f f h»s Birit- 

1 Homer, a memoer of the Ldinburgh Group, was later to be the first Warden 
of University College, London 
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beck was drawn into a new enterprise <4 and the London Mechanics’ 
Institute (now Birkbeck College) was established in December 1823. 
At first it was comparatively well endowed: it had the approval and 
support of distinguished Radicals and the Royal Duke of Sussex 
showed some interest in it. The first lecture syllabuses inclpded 
chemistry, mathematics, hydrostatics, applied chemistry, .astronomy 
and electricity. 

After this the movement spread with astonishing speed. Before 
1826 every large town and many a small one had its Institute, and 
several of these had memberships of hundreds with a few topping the 
thousand mark. Institutes were founded in Bermondsey, Spitalfields, 
Hackney,' Rotherhithe, Southwark, Chiswick and Kensington as well 
as at Manchester, Liverpool, Sheffield, Leeds, Newcastle (Oeorge 
Stephenson was a V.P.), Carlisle, Hull, Darlington (the Bishop of 
Durham was President), South Shields, Plymouth, Bristol, Ipswich, 
etc., and even in such unlikely places as Kendal, Hawick and Bath. 
Sometimes the initiate e came from the benevolent among the rich 
and sometimes it came from the workers themsel ves, but always it was 
entirely voluntary and for it neitfcer the State nor the recognised edu- 
cational institutions of the countr> could claim the slightest credit. 

In the van of the movement were the Dissenting clergy and Dis- 
senters generally; while strong support came from men like James 
Mill, Cobbett, Grote, Ricardo, Place, J. C. Hobhousc, Sir Francis 
Burdett and Henry Brougham. Brougham’s support was far from pas- 
sive; in fact, he flung down the disturbing challenge that the self- 
nominated superiors of society needed a little competition from be- 
low: . . we make a pleasure of business, while they make a busi- 

ness of pleasure.” Sentiments like this, hardly calculated to soothe the 
fears of the fortunate, aroused the opposition forces. The High Tory 
press was bitterly hostile (e.g. the Courier , the St. James's Chronicle 
and John Bull), while pamphleteers like “Country Gentleman” [6] 
and the Rev. E. W. Griniield [7] expressed the oid fears of science. 
The Conservative Quarterly Review remarked, somewhat aloofly, that 
both the benefits and the dangers had been exaggerated. It was not 
important to teach science; what should be done was to teach some 
economics — the iron laws and the immutable causes of the inequality 
of ntam [8] 

* Privilege, generally, was very uneasy about the new development; 
the hijjfi aristocracy and the Anglican clergy were opposed to the 
movement and did all they could to hinder it. One of these opponents, 
a t gentltoiant: and a scholar, had the moral courage fo lecture the 
mechanics on the folly of their Institutes. His arguments were stale 
but he did make one remarkable observation. The Southwark mech- 
anics *were to have a chemical laboratory —but- “In first-rate' 
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scientific institutions, attend^ by men ofleisure, rank and education, 
the laboratories are seldom used”. [9] 

In retrospect it is evident that there were several components in 
this •movement. There were the educational and social ideals of the 
Benthamites together with the early impetus to combination and 
trades-unionism ; for, although discussions about politics and 
religion were banned from most institutes (for reasons that 3re 
sufficiently obvious), it is difficult to believe that there was no 
relationship between the movement and the spread of radical poli- 
tics: witness the parts played by men like Hodgskin, Robertson, and 
Rowland Detrosier. There was also the need for relaxation and social 
life in the busy new industrial t?>wns: for the literate artiSans the 
institutes provided libraries and lectures; for all they provided enter- 
tainment and the opportunity for social intercourse. But perhaps the 
most remarkable feature of this remarkable movement was the prime 
importance attached to the natural •cienCes. That hardworking artisans 
were prepared, in larjje numbers, to attend scientific lectures, is clear 
enough proof of the high regard for science ; a sure indication of pro- 
gress which caused the Edinburgh Review to enthuse “The sacred 
thirst for saeiKC is becoming epidemic \ As Dr Delisle Burns re- 
marked, at a time when the universities did next to nothing the insti- 
tutes ministered to all classes in this need. [10] 

When we come to examine the lectures, syllabuses and the aims of 
the institutes the picture becomes a little obscure. The founders of the 
institutes seem to have hoped that they would achieve four objects: 
(1) The injection of science into the vvoikshops of the country with 
consequent economic benefit. (2) The wider diffusion of scicncfe and 
rational knowledge which would banish superstitions etc. (3) The 
advancement of science by increasing the numbers of those able to 
pursue it; and (4) In accordance with the v : ews of Adam Smith they 
hoped that science and education would offset the degrading effects 
of the industrial division of labour. 

The leaders of the new movement were, of course, deeply, if not 
clearly, aware of the important effects which science could have on 
technology and hence on social conditions- the collaboration be- 
tween James Black and James Watt was frequently emphasised. “Is the 
firm and powerful voice of science to pervade the workshops <pf fhe 
kingdom”, asked Birkbeck, "or shall the feeble and uncertain vote of 
sxperience continue to prevail 0 " [//] Addressing the Manchester 
mechanics in 1825 (Sir) Benjamin Ileywood emphasised the science 
which underlay the aits, instancing specifically Watt, Hargrcavts and 1 
Murdock. [12] Brougham, too, in his Pn 4 ical Obsenatiom . . . on 
f he education of the People noted the ultimate connexion subsisting 
between the mechanical philosophy and the arts. [/J] At a later jlate* 
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Detrosier put the proposition in general terms, although perhaps 
from a different political viewpoint : Knowledge is power. Know- 
ledge has raised man up. Man is progressive, so are social institu- 
tions. \ 14 ] 

It is apparent from the preambles to the deeds of foundation of the 
institutes, that to teach the “sciences underlying the* arts'Ywas the 
prime object. In practice this meant largely the teaching of the pure 
sciences: mathematics, chemistry, physics, astronomy, botany, 
meteorology, the theory of the steam engine etc. Trades. were not 
generally taught; it was felt that the proper place to learn them, and 
so to acquire skills, was in the workshops. In pursuit of this policy 
some of the larger institutes had chemistry laboratories and some 
were-able so to organise their teaching that systematic lecture courses, 
limited to individual sciences, could be given. In fact most, if not all, 
the sciences seem to have been taught in the largest institutes. But ad- 
mirable as all this was, no precise meaning can be given to the expres- 
sion “sciences underlying the arts”. A brief mental inspection of the 
diversity of the arts and the complexity of the sciences will show how 
vague this expression is. In some spccdic instances the connexion is 
fairly clear, as, for example, in the case of the chemical industry. But 
generally the relationship is more complex. The sciences “underlying” 
the textile industries, for example, are several ; and between the pure 
science, on the one hand, and the practical art on the other, the con- 
nexion is often far from obvious. The reason for this is not difficult 
to discover Even the most stalwart upholder of theories of the econ- 
omic motivation of science must agree that no one science is derived 
from c one particular art. No one denies the importance of technology 
in the rise of tlje science, but in so far as a science derives its data and 
its problems from the industrial arts, it does so from several of the 
arts — not from one. Even chemistry, perhaps the most “practical” of 
aftl the sciences, and certainly the first one to be widely applied, owes 
tynuch to activities quite distinct from the chemical industry : medicine, 
for example; and as the structure of the science develops those por- 
'tions of it that may be directly relevant to a particular art will become 
more and more mingled with extraneous elements derived, perhaps, 
from other arts. To put the point briefly, nature is not organised to 
suit tSie differences between the trades and arts ; you cannot lean, for 
example, dyeing chemistry without knowing “pure” chemistry. 
Therg is nothing remarkable about this for science, as has already 
been pointed out, progresses by achieving greater generality. Perhaps 
‘this i#wha* Whewell meant when he remarked, rather quaintly : “Art 
was the mother of science ; the vigorous and coitely mother of a 
daughter of far loftier and serener beauty.” 

Thus the industrial improvement that was looked for was rather a 
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general rise in scientific knowledge and a spread of scientific habits of 
hought than the specific application of science to given problems. 
Technical education, or the teaching of a particular trade together 
vitlr the relevant sciences, was not,generally attempted; still less was, 
ipplied science contemplated. The latter was fostered neither by 
joverrufeertt nor by the universities nor by industry. But in the mean- 
while the Institute movement spread over the world, reaching America 
ind even the shores of the Pacific and Indian Qpeans. Baron Charles 
Dupin, wfio had visited Birkbeck and had noted the progress 
nade, took the idea to France, where, with State aid, it proved very 
successful. 

Eventually, for reasons that will be discussed later, the Mechanics’ 
nstitutes failed; first as Mechanics' Institutes and then completely as 
'nstitutes. But they hafi not been without immense value: as thd bio- 
grapher of Doctor Bii»kbeck remarked : “When the pent up waterj* of 
iciencc were set free a new strcarl! of life traversed the country in} all 
Erections. And that stream has never ceased to flow.” [/5] 

Middl t -Ct ass Education 

A resultant of the forces of Benthamism and the Edinburgh Schfcio 
vas the foundation ofUniversily College, London. 1 This institution 
)f which the moving spirits were Thomas Campbell, Bentham ^nc 
Jrougham, was organised on Scottish and German lines, in contras 
vith the practice of the English universities and it had as its purpost 
he satisfaction of the needs of the educationally deprived midc&li 
flasses, of those excluded from the universities. Although thj}s wa 
surely innocent enough, the experiment aroused the wrath of thi 
Anglican Tory elements; not that there was any fear that the middl^ 
;lasscs would become seditious - that would have been preposterous 
The trouble was that it was found impossible, in practice, to reconcili 
i “university”, open on equal terms to Anglicans, Dissen'crs, Romar 
Catholics, Jews and Free-thinkers, with the study of divinity and th< 
lolding of services, and it was this absence of religious instructior 
hat rallied the opposing forces of orthodoxy. The critics held that be 
;ause a university education had hitherto implied the education of i 
Christian gentleman, the new “university” was clearly a most danger 
>us%tep in the direction of infidelity and atheism. 2 Th»* debate was 
jonducted with some acerbitj on both sides, but the outcome, sur 
srisingly, proved beneficial : whatever merits, or otherwise, these ma; 
lave been in the arguments <jf the opposing parties, the Anelicans 

1 The History of University College JLondon, lc '-1926, by H. Hale Bcllott. 

* This argument was, as Sir William Hamilton pointed out, unsound ; religiou 
nstruction had never, up to the end of the eighteenth century, formed part of ; 
leneral university education. 
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finding they could not prevent the foundation of University College, 
tool: the rational and sensible step of founding a rival college — 
King’s. Something of this nature had already been suggested by 
“Christianus” (the Rev. George P’Oyly) in his letter to Sir JohmPeel 
protesting against the establishment of the infidel “university'!. [ 16 ] 
D’Oyly had also suggested the founding of a (Christian) toEege in a 
northern industrial town and, in the event, this latter suggestion, too, 
was carried out for, in 1836, the University of Durham was founded. 
Just us there had been embryonic university foundations in London 
long before the nineteenth century — Gresham College for example — 
so also Durham could claim a history of past attempts at higher edu- 
cation; under the Commonwealth a college was founded in that city 
but, i unfortunately, the Restoration had killed the enterprise. The 
nineteenth-century Durham University was to prove a hardier plant 
although its earlier history was not one of remarkable progress. It was 
modelled very closely on the Oxford and Cambridge of the time and, 
indeed, served as a local university for the wealthier classes at a time 
when travel was still a matter of some difficulty. But the development 
of jhe railways, bringing Oxford'and Cambridge much closer, 'coupled 
wit|h an adherence to a system of university education rapidly passing 
ouft of favour even among the classes for whom it was designed, were 
factors which were to make great difficulties for Durham in the middle 
yejars of the century. 

IFrom the first the new “University of London" included in its syl- 
labus not only the classics and mathematics plus theoretical physics 
ats sanctioned by the universities, but also the progressive sciences of 
chemistry, experimental philosophy (physics), botany, economics, 
geography, etp.- subjects which ‘were commonly neglected by the 
universities. Among the first professors appointed were: in classics 
stnd mathematics, Henry Malden and Augustus de Morgan, both of 
whom were— appropriately - distinguished Cambridge alumni. De 
{Morgan, who made contributions to mathematical logic, was an ex- 
tremely clear thinker with a very wide range of interests ; his writings 
Jon the history of science are conspicuous foi both scholarship and 
{wit. The chairs of chemistry and physics were held by Edward Turner 
*and Dr Dionysus Lardner respectively, while the professor of botany 
wak J&mes Lindley. 

Prospective students were advised to take a four-year course of 
studies, comprising classics, mathematics, physics, chemistry, econ- 
omics, philosophy and jurisprudence, on the conclusion of which, 
$ubjecV to satisfactory conduct and approved examination, a Certifi- 
cate of Proficiency was awarded ; [/ 7 ] this, it was considered, ensured 
adequately “liberal” education But provision was also made for two 
6the*> types of training; there was professional education with three 
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majn branches— law, medicine, and engineering and, secondly, a for- 
mal education, amusingly termed “ornamental accomplishments”, 
which embraced Italian, Spanish and German literature together 
with botany and, oddly enough, geology and zoology' (/#] W1 atever 
we nyiy think of this latter mode oi education the syllabuses show quite 
clearly thafcthe College made no attempt to turn out specialists, |pd 
learning was, consequently, quite free It was also notable that, as 
regards science, the subjects tqught were veiy.up-to-date, the latest 
knowledge being incorporated in the syllabuses , the study c f the 
steam engine was included in the physics course and, m mathematics, 
the analytical methods were use<J 4 was far-sighted too, to attempt 
to teach a lorm of “applied science” from the day of its foundation 
the coflcge had a professoi of engineeimg, the first being that John 
Millington who had shown himself such a good friend of the Mech- 
anics’ Institute movement. His colleague, Lardner, took a hand in this 
work for he gave instruction in ge#dcs/and surveying Even this djjes 
not exhaust the pionegr woi k undertaken, for, from the first, the Col- 
lege provided instruction ui practical chemistry. 

In one sense Univeisity College wns residuary legatee of the Elis- 
sentmg Academies of the previous century But the basis of its sup- 
port was much broadei than those establishments had enjoyed Fr^ir 
the lists of subscribers to the two new colleges we can infer the polar- 
isation of two social forces Anglican- Tory and Radical-Dissent, lye 
Univeisity College contributed the cteam of the Philosophic!! 
Radicals Bentham, Mill, Btougham, Grote, etc , and many leadnji 
members of the Dissenting, Roman Catholic and Jewish communities] 
The King’s College suppoiters, on the other hand, were led l>y thC 
Duke of Wellington and a phalanx* of some thirty-two Archbishops 
and Bishops of the Establishment, strongly supported hy the Heads 
and Fellows of Oxlord and Cambridge Colleges A me .ure of the 
ecclesiastical influence in the college was that members o staff were 
required to be members of the Anglican communion , although the 
same was not demanded of students 1 

The syllabuses show that the courses of instruction at King’s Col- 
lege were fully as liberal as those given at University College with, of 
course, the addition of religious instruction. The purpose of the Col- 
lege was announced as being two-fold to prepare for commercisfl afld 
professional life and to give preliminary training to those who wished 
to go on to the Umvetsities to read for a degree. To carry out thi»pro- 
gramme Kong’s, like University College, recruited an excellent staff. 
One of the first to be appointed was the Rev Henry MoHeley? pro- 
fessor of natural philosophy, who had uoen seventh Wrangler at 

1 Centenary History of King's College, London 1828-1928, by F J C Hcaro- 
shaw. 
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1 

Cambridge. 1 J. F. Daniell was electednprofessor of chemistry, while 
geology boasted a professor who was perhaps the most distinguished 
of all-— Charles Lyell. A few years later Sir Charles Wheatstone was 
elected Professor of Experimental philosophy. 

There was a slight difference between the two colleges wht$h re- 
flected the differing origins. The students at King’s were generally 
younger than those at University College and frequently went on, as 
intended, to complete their educations Oxford or Cambridge. King’s 
was, in effect, at that time more of a high school than a university 
college. But a more significant difference was the prevailing ecclesi- 
asti<;ism of King's which, at staff level, was soon to make itself felt to 
the disadvantage of the College. For when Lyell published his highly 
controversial Vol. II of Principles of Geology (1832) it constituted, or 
was) thought to constitute, a challenge to religious orthodoxy which 
made his position on the staff paradoxical to, say the least. Conse- 
quently the college soon lo‘st its highly distinguished — to some, 
notorious — professor. Later, in 1845, Liebig considered becoming 
prjofessor of chemistry in succession to Daniel! but, unfortunately, he 
wijts a Lutheran and so, as Bishop Blomfield pointed out, was in* 
elilgible for appointment. 2 [19] Furthermore the college was unlucky 
in-that it did not constitute a symbol which could rally the loyalty of a 
specific group. There was little civic pride in London and the college 
wjas not, like University College, the unique achievement of an active 
political group; it was Anglican, and the Anglicans owed their first 
libyalty, naturally enough, to the Universities. In consequence King's 
.Was under-endowed and was later to be desperately pressed for sur- 
ivivaf 

; The existence of two rival colleges in London was, in one respect, 

) unfortunate. The government could not, or felt it could not, make 
them both universities with powers to award degrees. Nor was King’s 
prepared to amalgamate with University College when the latter was 
avowedly, even aggressively, secular. So, as a compromise, the 
Government created the new-style University of London in 1837; on 
the foundation of which University College resigned the ambitious 
title it had previously used (“London University”) and adopted its 
present name. The chief function of the new University was to 
etfaihine — what else, it was asked, did Oxford and Cambridga Uni- 
versities do? — and, in order to make its examinations as effective as ‘ 
possible it was granted statutary powers to affiliate such colleges as it 
considered reached sufficiently high standards of tuition and scholar- 
ship.* rhe*two founder-member colleges were, of course, University 

1 Moseley later played a notable part in the Technical Education Movement. 
See page 88. 

* There was also the unfortunate affair of F. D. Maurice. 
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and King’s, but no limit was setoo the number of colleges which could 
be added to the University. Full use was made of this power. By 1 8(44 
no fewer than twenty more colleges had been affiliated in addition to 
a large number of medical schools itj Britain, the University of Malta 
and the Military. Hospital, Ceylon. 

While lhc*founding of the University of London was an educ^ 
tional event of the first magnitude its relations with its affiliated insti- 
tutions were very tenuous; and, such relationship as did exist was 
finally termihated in 1858 when the University of London became a 
straightforward examination board. It is beyond doubt that this, 
coupled with the continuing financial poverty which bedevilled the 
later history of the two colleges, was thoroughly bad for scientific (as 
for all intellectual) development in London. Indeed it is remarkable 
that the colleges, under, tlje circumstances, were able to achieve as 
much as they did; both University and King’s Colleges deserved far 
better of the country than they got. 

On the credit side, t|je London University, by its system of exam-, 
inatjon and degrees, enabled a large section of the community to 
aspire to academic honours which otherwise would have been denied 
them. At the same time it provided a highly respectable academic 
umbrella under which the later provincial university colleges — 
Owen's, Liverpool, and Mason’s, etc. — could grow up. It was felt that 
the “open” nature of London degrees prevented any debasement of 
university degrees such as might have happened had struggling uni- 
versity colleges been tempted to sell their honours in order to fill their 
lecture halls. 

The new University had a most distinguished senate; among its 
first members being Michael Far&day, Dalton, Nassau Senior, 
Arnold (of Rugby), Hcnslow, Beaufort and G. B. Airy. Naturally, 
therefore, the greatest care was taken to frame its degree requirements 
and syllabuses in accordance with the very best standards for a 
liberal education. For the B.A. degree, competent knowledge of 
mathematics, natural philosophy, classics, biology and logic and 
ethics was required. Having taken the pass degree, the candidate 
could sit for honours in any of the above subjects or in chemistry or 
physiology, and beyond this, as opposed to Oxford and Cambridge 
practice, there was the still more severe examination for the M.A. 
‘degree. 

Henry Malden, professor of Greek at University College, a “gentle 
and urbane scholar” (H. Hale Ballot), commented on the inclusion of 
the progressive sciences in the syllabus for the B. \. degr&. H? ob- 
served that, as regards the physical sciences, the ancients were but as 
children in comparison with the people of his own times. Moreover 
the sciences were being widely applied and were rapidly changingihe 
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conditions of life; this was especially, true of the chemical and mech- 
anical sciences. But knowledge of facts was not the main end; bal- 
anced and harmonious development was the ideal, and one aptitude 
was not to be forced above the ..others. The value of the sciences lay 
in the habits of observation, accuracy and logical thought that they 
ipculcate. [ 20 ] (Malden was a man of wide education. Commenting 
to the Bishop of Durham on the new degree syllabus, he criticised the 
absence of “nitric acid” from the requirements in chemistry and sug- 
gested the inclusion of the calculus of finite differences in the re- 
quirements for mathematical honours. [ 21 ] Clearly, he was no nar- 
row specialist.) 

On the other hand the inclusion of biology in the syllabus troubled 
John Hoppus, professor of philosophy at the same college. Should 
young men, at an age when their passions must be restrained, “be 
introduced to the study of such a subject as ‘the reproductive func- 
tions?* ”... surely this would “inevitably corrupt the youthful mind. 
It would make all students medical students”. [ 22 ] Such was the 
measure of change, however, that in 1874 T. H. Huxley was employ- 
ing a lady demonstrator (Miss McConnish) in physiology [ 23 ] and, a 
few years later, in 1879, the London School Board was officially en- 
couraging girls to study the subject. [ 24 ] 

To revert to the main topic. For many years the London B.A. ex- 
amination represented a serious attempt to make the award of a 
degree conditional upon the candidate's having received an education 
that was liberal in both senses of the word. 1 That is to say, an educa- 
tion that is an end in itself and is not so highly specialised that all 
other considerations are sacrificed to the acquisition of a great and 
detailed knowledge in one particular subject only. The highly special- 
ised education is usually characteristic of professionalism, in which 
case the end is not education, but the acq uisition of knowledge for the 
severely practical purpose of earning a living 
The misfortune was that London University was created when no 
one quite knew what a university should do; what its function in 
society, apart from the obvious one of examination, should be and 
what should be the nature of its relationship with its constilutent col- 
leges. 

C « 


The Uni vfrsii ies 

7% turn from the troubled scenes of lower- and middle-class educa- 
.ioiigfo consider that provided for thcoipper classes is to pass from the 
3ages of Dickens to those of Trollope. Within the walls of the old 

1 A similar educational ideal was propounded by Sir John Hdrschel. He held that 
l liberal education should include* the physical, biological and social sciences to- 
other with ethics. [25] 
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Universities the pace of reform was much more leisurely Altogether 
too leisurely for William Cobbctt, the sight of the Oxford Colleges 
aroused him, not to voice admiration, but to issue a challenge 1 
“Stand foith, ye btg-wigged, jc gloriously feeding doctois* Stand 
forth and face me “ 

Not, <»f bourse, that Cobbctt was the only critic, nor were 
stuctures unjustified Still the exclusive preserves of the wealthy 
Anglicans, \ 11 tualK the only subjects ol instruction provided in those 
great foundations were classics and mathematics Moreover the in- 
ternal organisation was such, at bodi Oxford and Cambndge, that 
the colleges retained the money ajjd tjie power whereas the Universi- 
ties we;c relatively much less we tlthy and influential, the Colleges, 
that is, tended to become dead weights of conservatism Hus was 
anathema to the various. ladicals and cspcctall> to the Edinburgh 
Group Ihelattei hid*in f ict, kept up a long range fire iiom the early 
years of the ccntuiy, but then attacks were ineffectual until 1831, 
when they weie able ty bnng up a ically hea\y piece in the person 
of {hr William Hamilton an Oxonian himself and an able logician 
HamiltoA assessed a \u\ extensive knowledge ol the history of 
umvcisities and of the requirements imposed Sntutes, he was 
therefore able to point out e\ ictl> wheie and how the fnglish Uni- 
versities had f illcn from gr ice C i ibbed, repetitive and tedious as his 
wnlings sometimes aic, Ins comm ind of tne undeniable facts and his 
seveiely logic d exposition made his c isc i f i nndable one to answer 
More, as he was cleailv motiv ited b\ the highest ideals aud was not 
calling tor ladic il icvolution, he could h irdly be lalionalised away as 
a malicious agnatot whose attacks could be safely and reasonably 
disregarded 

Hamilton wanted the contiol ot the Universities to be returned to 
the graduates He dem inded, inter aha, tluu die illegal mpation 1 
by the ( olleges be ended, th it the Professonate be made a saluy, and 
that evei> M \ be given his old right to teach (Regency) He insisted 
that the UiuvetMlies must be n ition il institutions and be effective lor 
their purpose , and this meant that the domination of the Anglican 
Church over both the C olleges and the universities must end On the 
credit side one of the lew university institutions which Hamilton 
fount! praiseworthy was the examination system 2 1 his w b reasoflaSle 
enough, but on the question of what should be taught in the um- 
\ersities Hamilton was, nom the scientific point ol view, fai Unsatis- 
factory His opinion ot tnc physical sciences was very low they are^ 
he believed, “easy and attractive m themselves” but as dtiucuional 

1 Rural Rides, 1321 

8 It is fair to add that most ol the reforms ITc advocated were accomplished be-, 
fore the end of the nineteenth century 
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disciplines “they call out, in the students, the very feeblest effort of 
thought”. [26] Although these unprogressive opinions on science 
must have made Hamilton’s views more acceptable to conservatives, 
his polemics took some time to work their effect on the course 
of university reform; but there can be no doubt of their ultimate 
influence. 

In the meanwhile the Universities had, on their own initiative, 
managed to achieve some measures of reform. Degree examinations in 
classics and in mathematics were introduced at Oxford in 1800: for 
this the credit belongs to Drs Eveleigh and Jackson. Probably the 
standard of work, too, was raised and although wealth and rank were 
accorded deference and privilege for a long lime, there occurred at 
Cambridge at any rate over the whole period, a steady decline in 
the proportion of Noblemen and hellow-Conimoncrs to Pensioners 
and Sizars matriculated. The opening years of Ihe century had been 
the heyday of the highly privileged, but the decline soon set in; the 
percentages of privileged matriculants over live year periods being: 
1810-14 -20-2 percent; 1815 19 -14 per cent; 1820 4 11*5 per 

cent; 1825-9 9*5 per cent/ 1830 4 9 per cent; 1835*9 -7 per 
cent. B> the second half of the century the race of blatantly gilded 
youth was virtually extinct. 1 * * |2 7 ] 

At Oxford, an appreciation of the status of mathematical and 
scientific studies in the University was made hy the Rev. Baden 
Powell, Savilian Professor of Geometry, in the course of a lecture 
delivered in 1832. Baden Powell lamented that attendance at lectures 
in chemistry and experimental philosophy had steadily declined, and 
he was able to show that the proportion of those (aking honours 
in mathematics had, since 1807, also inllcn. He believed that the 
blame lay with the bad preliminary education of those entering the 
University and he called for a wider diffusion of science; main- 
taining that it was a reproach to send out B.A.s ignorant of science. 
[28] ' 

An answer to Baden Powell was almost immediately foitheoming. 
“Master of Arts”, confessing that he was ignorant of mathematics 
and therefore incompetent to judge Baden Powell’s views on mathe- 
matical education, felt called upon to criticise the general tenor of the 
argument. His own admitted ignorance of science and mathematics 
made his opinion, that they should occupy no place in general uni- 
versity education, valueless. But it is less easy to refute his main con- 
tention that the honours system wi^s an unnatural method of arti- 
ficial stimulation ; that personal emulation was not proper to a place 

1 This docs not mean that the number of wealthy, or noble, undergraduates was 

declining. Rather it implies that they went up to the universities more in the spirit 

of Students than of young clubmen. 
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of learning; and he was entitled to his view that, as regards honours 
and classes, prizes and medals - “Foi iny part I think them intrinsi- 
cally mischievous ” [^9] 

this brief debate had occuired £ the time of the lirst visit ot ttie 
British Association to Oxford, peihaps it was stimulated by that 
visit A v*sif made memorable by Oxfoid University when it horj^, 
ourcd foui scientists — Bicwster, Faraday, Dalton and Bi own— with 
the award of D C I s 7 lus indicated a glorious jiisiegard for statute 
and prejudice, for all foui weie Dissenters and would have been un- 
able m the normal course of events to matuculate at the University, 
much less graduate B A 1 But shortly, alter these happenings ^Oxford 
was lost to science loi a nuinbei of yens, the gieat Tractarian Move- 
ment commenced and men s minds were turned to othei matters Not 
until after the secessiog Newman and his intimate friends and 
disc iplcs was it possible foi the tlueads to be picked up again So we 
must turn our attention to C anfrridge, where the c "mosphere — 
thinner, cleaiei, moie.methem ilical was, perhaps, less congenial 
loi Jhe Apostolical enthusiasts 

Resemb’ r Oxford in Us cliss strflctme md in the tict that the 
goveinment and teaching st itl ot the Umversitv wue predominantly 
Clencal, C ambridge differed maikcdlv from her sistei in the strong 
emphasis that was pi iced on mathematical studies Although, as we 
saw, university mithematie. in the eighteenth century was barely in 
advance ol Newton there sprang up, in the _ailv years of the follow- 
ing ccntuiy and possibly as 1 fruition ol the work of reformers like 
Dr Jebb, a scJ >ol of very able Cambridge mathematicians he 
leaders ol this school Woodhouse, Heischcl, Whewell, Airy, Maule, 
Babbage and Peacock weie men oTvery exceptional ability who, be- 
tween them, contrived to advance the lone neglected st ,dy of ana- 
lytical methods, founding an Analytical Society foi this pm >o e With 
the exception of Maule, who became a judge, these men subse- 
quently rose to positions of academic importance and were able to 
make major contributions to the progressive reform of mathematical 
studies Especially influential in this woik were W hewell and Peacock 1 
Now the result of these, and other reforms was that the Tripos course 
quickly became, vntuallv at the beginning ot oui period, a highly 
specialised framing in mathematics and theoictical physic Unique 
m its scientific content, its specialism and its steady historical develop- 
ment, this course of training was also distinguished by »ts crowning 
test— the examination — which yas, at that time, the gieat examina- 

1 In fact, the formal iccogmtion of*analyticiI r icthods d ites horn Monday, 
January 13th, 181% when Peacock distnhutcd the Tripos pipers to the candi- 
dates the fourth question on the lirst piper involved analytical methods \ few 
years alter this, Airy was giving lectures on “modem" physics 
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tion not only at Cambridge but also in England. 1 It was the highest 
intellectual hurdle in the country and those who acquitted themselves 
well in it were men of mark ; the Senior Wrangler being held in the 
very highest esteem. 

l oo much should not be inferred, however, from tjfie high prestige 
.Qf mathematics and theoretical physics at Cambridge. A \ mathe- 
matical swallows do not necessarily mean a scientitic summer. To 
understand the function of this excellent and highly scientific edu- 
cation we shall have to take account of the social position and vo- 
cational aims of the candidates as well as pay attention to the educa- 
tional theories and social philosophies of its advocates and critics. 
Consider first the opinion of Dr Peacock. Writing in 1841, the Dean 
of Ely observed that there were two classes of students at Cambridge : 
(a) the very wealthy who intended to follow no profession, and ( h ) 
those who would later enter the professions of law, medicine or 
divinity. Of the latter divinity vfas by far the favourite vocation; 
indeed, at least half the undergraduates intended to take Orders. [JO] 
We may infer that professional mathematicians, even in the form of 
teachers, were not in great ddniand. Four years later, in *1843, Dr 
Peacock’s colleague, the omniscient Dr Whewcll indicated his edu- 
cational and social philosophies when he remarked that for the upper 
classes a liberal education was appropriate; for the middle classes 
there could be an imitation thereof, while for ihe lower orders an 
elementary education was quite sufficient. [J/] Developing his ideas, 
Whewell argued that the liberal education, proper for »he upper 
classes, must be based on mathematics. Newton should he taught in 
the severe, geometrical form used in Principia Mathematical because 
premature use of analytical methods, the manipulation of symbols, 
may well conceal the physical nature of the process under study; that 
is, the answer may be obtained as from a calculating machine. To- 
gether with mathematics and theoretical physics went the study of the 
classics- -the cultural necessity of every educated man and only 
after these had been thoroughly mastered could the study of ana- 
lytical methods be permitted; also the '‘progressive’ 1 - sciences, as 
well as the history of science, could be taught. 

This rather austere, yet not unattractive, programme was justified 
on the grounds that the study of mathematics was a uniquely vafllable 
mental discipline. It induced “solid and certain reasoning” and in this 
waytprevented youthful conceits and presumptuousness. In proof of 

1 The Classics Tripos was introduced in ft 22. But before a candidate could sit 
for this examination he had to be placed as, at least, Junior Optime in the Mathe- 
matics Tripos —a requirement which was sf>on to rankle with ttjp Classicists. 

* i.e., those sciences which, unlike Newtonian mechanics and astronomy, were 
“unfinished” and were therefore progressing towards the goal of theoretical 
generalisation. 
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this argument, Whewell drew, attention to the number of eminent 
judges who, in their time, had been high Wranglers. (He might also 
have mentioned the Church, for, between 1800 and 185Q, no fewer 
than Jforty-three men who subsequently became bishops were success- 
ful in the Mathematics Tripos.) 

These ppipiolis of Whewell on the educational value of mathe^ 
matics were entirely endorsed by Dr Peacock and by the Rev. B. D. 
Walsh. The latter, writing in 1837, pointed out that the mathemati- 
cians were examined solely in mathematics. This was satisfactory for 
the study induces habits of industry and application even if mathe- 
matics is later cast aside; essentially, mathematical education trains 
the reasoning powers and is thcrelore of great value in the training of 
lawyers! [32] In brief, the advocates did not consider the Tripos as a 
means of producing professional mathematicians. Nor were they 
blind to the claims of gther studies : both Whewell and Walsh urged 
the introduction of new 1 riposes mf ‘progressive” science, etc. i-atcron 
Whewell was especially influential in the achievement of these reforms. 

This system of intensive, specialised mathematical instruction was 
not* Without it. u i.»s, and from their wiitings w r e can confirm the 
nature and purpose of the education it represented. But first we can 
remark that, as early as 1782 lhomas Barnes had discussed the 
general problem of specialised studies and had decided against them. 
In his view* “It is a question not only of speculation, but of real 
importance: ‘How far is it desirable that a man of learning shall 
devote himself to one particular object?’ . . . or . . . ‘Will not the 
interests of science be best promoted by a more general and extended 
application to different studies'?’ ” Barnes came to the conclusion* that 
“The man of ‘one book’ is not likclyto understand that book so well 
as the man of more extended study: theie is a general analogy and 
affinity among all the sciences”. [33] \nd m 1826 the EduJmrgh 
Review , anticipating WhewclTs theory, had rudely dismissed it: “Of 
what use the Wrangler? He can reason? But no one reason:, so ill as 
mathematicians!” [34] 

Whewell’s pamphlet of 1835 ( Thought v on the Study of Mathe- 
matics) was severely criticised by Hamilton, who, in the pages of the 
Edinburgh Review , denounced the Tripos as “. . . a scheme of 
discifllinc more partial and inadequate than any other which ttffe 
ffiistory of education records”, [35] and then proceeded to quote 
“authority” after “authority” against the educational valu% of 
mathematics. A year later we lind Hoppus complaining that uni- 
versity education in England reeled on a narrow basis of classics and 
mathematics to the detriment of the “progressive” and social sciences. 
Education should surely be on a broad basis ; and was it true thal 
mathematical reasoning was applicable to (say) ethics? [36] Inihe 
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same year that caustic writer in the British and Foreign Review whom 
I have already quoted (p. 23) observed that the German universities 
were disciplined, professional schools, whereas British universities 
were not, although at Cambridge there is “a special education of the 
narrowest kind”. 

In 1842 a “B.A.” wrote that, at Cambridge, after fheceqpnd term, 
"steady, uninterrupted and exclusively mathematical reading” is con- 
tinued until the final examination, w^h the exception of the idditional 
studies required for the “Little-Go” in the second y&ir, but this 
examination necessitated only about ten days’ preparation, it is 
remarkable that only two subjects are available and that of these only 
one is usually pursued. As for this subject : the Mathematics Tripos is 
professional in content and would suit, “ engineers , architects and 
artillerymen M but these “ never enter the ' university. Her sons are 
clergy and men of leisure”. Judges, it is true,, have often taken high 
honours but the “legal miull” requires broadening, not narrowing! 
The mathematician is, at the end of his career, ignorant of all else but 
mathematics. “At 22 his education has yet to £>egin.” The dominance 
of mathematics is a “miserable injustice” ; other subjects are ighored 
and real instruction lies with the private tutor. The writer suggested 
four new Triposes in progressive and social sciences "open to all but 
compulsory for none”. [37] 

But perhaps the most pungent critic of all was A. H. Wratislaw, a 
classics tutor. He had no hesitation in describing the mathemati- 
cians as ‘.‘narrow specialists, ignorant of all save their specialism”. 
The Tripos had no claim to be considered a liberal education : “It is a 
professional education of the narrowest kind.” In spite of Whewell 
there was not even an attempt to encourage the study of the history of 
science. “No system could be better adopted calculated to produce 
professional mathematicians, whose minds were carefully guarded 
against the intrusion of every non-mathcmatical thought.” A liberal 
education is necessary before any display of proficiency in a particular 
subject is encouraged, [itf] (Wratislaw’s views are much the same as 
those of the mathematician, Augustus dc Morgan. I he latter thought 
that : “It would not be advisable to permit anyone to obtain a degree 
on the strength of his acquirements in one branch of knowledge 
dnly.” [39] And, on another occasion, de Morgan advocated a degree 
course that "preserves this one characteristic; namely the cultivation? 
of more than one capability, the creation of strength in more than one 
wayjof using intellect”.) [40] 

1 According to Lyon Playfan, the Duke of Wellington, at a critical tune during 
the Peninsula War, enabled a number of Cambridge mathematicians to obtain 
Army Commissions in order to overcome an acute shortage of military engineers. 
This was exceptional and did not, after the war, become an established practice 
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SUMMARY 

The Tripos, then, was a highly specialised examination, implying 
highly specialised study ; and, although “Little-Go” dem*anded some 
classics and religious knowledge # it was unlikely that a budding 
Wrangle^ \*ourd be “plucked” (as the Victorians had it) for deficiency 
in those subjects. [41] But there was nothing professional about tftS 
Tripos ; it was defended on the grounds of its importance for a liberal 
education? it was criticised on the grounds that it was not liberal in 
content ; and, with the possible exception of Walsh, no one seems to 
have favoured the study of mathematics to the exclusion of other sub- 
jects. 

Professional studies, even at that late date, had no place in the Uni- 
versity. Law was studied at the Inns of t ourl, Medicine at the London 
hospitals and for the Clergy no special trainingwas thought necessary. 
r lhe Victorian engineer and his predecessors weie trained in the old 
craft apprenticeship system (e.g. Bramah, Maudslay, Naismith, 
Brunei, Bessemer and Whitworth). The universities were concerned 
with thediberal education of men of a privileged class who would later 
adopt suitable professions or else follow a life of leisure. The educa- 
tional ideal was the Christian gentleman ; if he was a scholar, then so 
much the better ; if not, then he would beneht from the corporate life 
in the university. 

Against the critics must be set the important fact that the young 
Wrangler, on leasing the university did not enter a highly, specialised 
social milieu. The Tripos, in fact, provided the means whereby 
brilliant young men could secure early recognition of their tiflents ; 
the young lawyer or clergyman who had been a high Wrangler was a 
notable person with improved chances of promotion or preferment 
in his chosen career. Also, the educational theory that publ ; c men: 
Judges, Bishops, Statesmen : should be well grounded in the principles 
of Newtonian science was, surely, an excellent one? 

In one respect only does the theory of the I ripos appear to be ill 
found. The defect of the system lay in its virtues. With our experience 
of a much more complex society and with our more sophisticated 
psychology we are well aware that the pursuit of mathematics re- 
quires special tastes and aptitudes; qualities of mind rarer, perhaps, 
than those associated with history, biology, chemistry, literature,* 
etc., but not for that reason to be regarded as necessarily l^igher. 
Expressly intended as a liberal education, the Tripos could not but 
attract the able mathematician and, in this way, other tiling# being 
equal, the non-mathcmatical a»d the mathematical student were en- 
couraged to Jompcte in mathematics; a competition which could 
hardly be fair. It is somewhat strange that none of the critics ofn^atho 
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matical education made the obvious protest that mathematicians are 
borp, not made. We can, of course, explain this absence of criticism 
by reference to contemporary ignorance of psychology, but such an 
explanation is not complete ; it can be complete if we recall that there 
was not, at that time, a class if professional mathematicians or 
scientists. After all, it has never been the custom to purth<*»“;jmateur” 
3fid the “professional” in mutual competition. 

Correlatively, the university was not conceived to be, in'er alia , a 
centre of research with the purpose ol advancing knowledge: science 
—natural philosophy, natural history, chemistry, etc., -was still 
largely conducted by amateurs. Only the far-sighted could have dis- 
cerned fne signs of coming change of which one was the marked rise 
in the quality of university staffs, men like Whewcll, Peacock', Airy, 
Stokes, Greene, Baden Powell, Sedgwick at Oxford and Cambridge; 
de Morgan, Graham, Lyell, Daniel], Wheatstone, at the London col- 
leges. And there was the inclusion ef medical studies within the walls 
of the University of London. 

* 

The Reform of Societies and the Stait 01 Sciewce 

The early 1830’s were years of reform not only in politics but in 
many other fields as well. Scientific organisations, particularly the 
Royal Society, were among those institutions to shiver in the cold 
winds of criticism. A scientific society composed largely of men ig- 
norant of science was an inviting target for critics like Sir James 
South (the amateur astronomer), [42] Charles Babbage, A. B. Gran- 
ville, Col Everest, [43] and others. 

A Negative aspect of the dilletantist slate of the Royal Society was 
the formation, in 1831, of the British Association. 1 his, like the 
foundation of University'College, was partly inspired by a German 
initiative. In 1822 Lorenz Oken, the mctabiologist, had succeeded in 
organising a meeting, open to those engaged in medicine and natural 
science, in Leipzig. Oken was at that time a political refugee and so 
suspicious were the German despots that only thirty-two philosophers 
could summon up courage to attend this, the hrst philosophical con- 
gress in Europe. In the following years meetings were held in Halle, 
Wurzburg, Frankfrut and Dresden. The conference evidently gained 
invespectability for the Emperor Maximilian was patron of the k827 ( 
meeting at Munich and, in Berlin in 1828, von Humboldt was Presi- 
dent #nd the King of Prussia a guest. Another important visitor on 
this occasion was Charles Babbage, then travelling on the continent 
Tor reasons of health. 1 

Babbage, whose part in the reform of Cambridge mathematics has 
already been noted, was a man of near-universal gcniuV Although he 
♦was^for some years, Lucasian Professor at Cambridge, his interests 
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ranged far beyond the boundaries of mathematics and he pursued his 
studies much more in the spirit of a devotee than a professiopal, 
making contributions to economics, social statistics, geology and 
applied science 1 [44] as well as to mathematics. A man of* this calibre 
could hardly fail to be impressed the Berlin assembly; and, on his 
return horn*, lie wrote an enthusiastic description of what he had wit- 
nessed for Brewster’s Edinburgh Journal. [45] This article rcccivdff 
wide publicity and was much discussed in British scientific circles. In 
the following year Robert Brown, the famoifs botanist and dis- 
coverer of “Brownian Motion”, attended the Heidelberg assembly. 
He, too, gave a favourable report on the German enterprise, and he in 
turn was followed by other comnTcmators who extolled the German 
society! 

While these German developments were in progress there was in 
England a widespread* fueling that science in this country was in 
decline. (This seems very curious <yhen*vc reflect that the forty years 
following the death of Davy saw the great, and in many ways un- 
paralleled achievements of Faraday, Darwin, Joule, I. yell, Kelvin, 
Matfwelhand many others.) Davy liaci intended to write a book on the 
decline of British science, but died before it could be completed. Sir 
John Herschei was another authority who believed we were dropping 
behind, especially in mathematics and chemistry. Certainly Babbage 
fully shared the general unease, for in 1830 he brought out his cele- 
brated work on the state of science in England; [46] a book which 
aroused great interest and was evidently partly inspired by his ex- 
periences of the Deutsches Naturforschers Vcrsammlung* and other 
continental societies This famous book was largely an attack on the 
Royal Society but the State and society at large did not escape chas- 
tisement : science, he remarked, received scant recognition in England 
whereas in France and Prussia men of science were awarded high 
honours and sometimes even reached ministerial rank (e.g. Laplace, 
Chaptal). Our schools and universities did not encourage science and, 
in fact, “The pursuit of science in England does not constitute a dis- 
tinct profession as it docs in many other countries.” 

A long and very favourable review of this book appeared in the 
Quarterly Review. At the end of the article the writer, Sir David 
JSrcjyster, advocated the formation of an organisation, similar to the 
German one, to forward the interests of British science; he added an 
appeal to the “nobility, gentry, clergy and philosophers” to lenc^ their 

aid in achieving this. [47] The appeal was not ill-timed for it contri- 

* « 

1 The present interest in, and development of, computing eng nes owes much to 
Babbage, the founder of the art. In tnis respect it is no jnfdii to sav that we are 
now catching up with his genius. Another facet of Babbage’s inventiveness is 
shown by the fact that he invented the dynamometer car, as used on railways. 
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billed directly to the formation of the British Association for the 
Advancement of Science 1 (York, 1831^, a logical consequence of the 
“decline of science” agitation and of the writings of Babbage and 
Brewster in particular. 

The debt which the reform movements in science and education 
owed to the Edinburgh Group was very great. Brewster, ip particular, 
liad long been warning the country of the consequences of tfic neglect 
of science; denouncing governmental ignorance, the bail organisa- 
tion of scientific boards and institutions and what he thought were 
very unjust patent laws. [48] This pessimism was not, of course, con- 
lined to the physical scientists: thus William Swainson, a student of 
natural history, compared the national patronage of science in other 
countries with iK neglect by the British Government. We gather from 
Swainson that every country - France, Italy, Germany, even Russia 
—encouraged its scientists ; but in England ihe sole criterion was that 
of marketable value. [49] 

In the light of these and other charges of the neglect of science, [5(7] 
it is only fair to see what defence can be made of British practice. One 
of the first to speak on behalf of British science was J. F. Daniell who, 
in the course of his introductory lecture from the chair of chemistry at 
King’s College, took the opportunity to refute some of the allegations 
made. [57] Daniell spoke with authority, for he was a chemist of 
recognised eminence. Another defender was Dr A. B. Granville who, 
when engaged in criticising the Royal Society, pointed out that, were 
the level of scientific activity a function of the social institutions 
enumerated by the critics, it is quite impossible to see how science 
could have advanced in the past, still less how it could ever have com- 
menced. For indisputably the social incentives to science were less in 
the past than they were-in Granville's time and the obstacles were 
greater. 

Professor Moll, of Utrecht, took the liberty of defending British 
science. [52] There was no lack of talent in this country: Herschel, 
Babbage, Brewster, South, Faraday, Dalton and many other names 
were to our credit. Furthermore in France science was not free and, in 
any case, political patronage was a very doubtful proposition. The 
British men of science are free, versatile and not over-specialised, and 
this is all to the good for, as Cicero has it : “Omnes artes qu^c ad 
humanitatem pertinent, habent quoddam commune vinculum, e? 
qua^i cognatione quadam inter se continentur”. (For this defence of 
British science Moll and his prompter Faraday brought upon them- 
selvev the critical thunder of Brewster!) [5J] 

Whatever the true state of British science in the 1830’s, it cannot be 

1 It is not without interest that the men who founded this Association reterred 
to themselves as “Cultivators of Science”. 
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doubted that the invective <y the critics coupled with the positive 
action they took - the founding of the British Association— wjs of 
immense benefit to science. The prophets thus nullified their own 
prophecies. But we still have to face the question : What* reasons can 
be fipund to account for the debate? Very obviously there was, 
relatively &pea*king, no lack of first class talent, even genius, in the 
country. However, the phrase “Cultivators of Science” reveals tilfe 
temper in which science was pursued in England, and it would be fair 
to say (haf there was a marked absence of scientists of the second and 
third rank. The judgments were comparative and quantitative. In 
France and the German States tlic/e wis greater scientific activity 
than in England: more papers were being published and, possibly, 
more new fields were being opened up ; also there were more scientists 
in the lower ranks. Now scientists of the second and third rank may well 
be professional and/'r applied scientists (certainly this is the case 
today). Throughout the nineteenth century first France and later 
Germany led the world in the business of discovering how to apply 
science. In Britain such second and third rank scientists as there were, 
w r ere to* be found in such professions as the law, the aimed forces 
(Kailer, Sabinr ^mniancy, Beaufort, etc.), the church and medicine; 
that is, they were to a large extent amateurs. 

On one point, at least, the critics had right on their side. In the 
question of educational institutions there was little to be said on our 
behalf. The neglect of science will form a curious story for after- 
times, thought Augustus de Morgan, for “among the first commercial 
peoples of the woild, who depended for their political greatness on 
trade and manufni * ures, there was not, generally speaking, *in the 
education of their vouth one atom of information on the products of 
the earth, whether animal, vegetable or mineral, nor any account of 
the principles whether of mechanics or of chemistry which, when 
applied to those products, constituted the greatness of their country”. 
[54] In that year (1832) Baden Powell, watching the spread of the 
Mechanics' Institutes movement, warned the upper class that unless 
they paid attention to science “the consequence must be that that 
class will not long remain the hk.hlr”. 1 

Ten years later W. Cooke-Taylor, travelling through Lancashire, 
mated that, individually, no men do more for science than do Lan- 
castrians (e.g.. Joule), but there was a w'anl of organisation and that, 
was a national calamity. “Scientific knowledge has ceased t^o be a 
luxury; it has become a necessity of life'’ but “the manufacturing 
youth of the higher and middle classes are not trained lot the trder to 
which they must eventually belpng”. [55] 

The Rev. James Booth, LL.D., F.R.S., the Principal of the Liver- 

1 His capitals. 
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pool Collegiate Institution, and another of the rather formidable 
clergymen concerned with nineteenth-century education and science, 
proclaimed in 1846 that, while the education of the poor was just 
beginning, that of the upper and middle classes was retrograde. A 
senile apathy opposed the spread" of sound and practical learning. 
The universities excluded science when our natibna 1 existence 
depended on it; even in the Mechanics’ Institutes theie was more 
amusement than hard work. Despite the establishment of such col- 
leges as those at Putftey (engineering) and Cirenceslei (agriculture) 
the manufacturing districts were still without a technical college. 
While in England scientific education was unrecognised, all Europe 
was pressing forward to outstrip us. [56] Booth, whom wc shall meet 
again, was a vigorous and clear-thinking man with some very decided 
opinions; his observations on European competition were very appo- 
site: the German Technical High Schools 1 were being rapidly de- 
veloped at this time and, of the Switzerland of 1836, Dr John 
Bowring had reported a country of universal education with reason- 
able technical instruction and a good school of manufactures at 
Geneva. [57] We cannot accuse Booth of undue alarniism. * 

It is self-evident that the diffusion of scientific knowledge is a func- 
tion of the educational system and it was here that the weak point 
lay, as these men had seen. To call attention to this the Central 
Society of Education was founded in 1837 by a distinguished group 
which included Lord Denman, de Morgan, Benjamin Heywood, Lord 
John Russell, Neill Arnott and Sir John Lubbeck. In their first publi- 
cation they stated bluntly that the main defect of T nglish education 
“to which most of its injurious and inefficient working may be traced, 
is the total want of national organisation.” [5<V] A want of organisa- 
tion, it may be added, that such voluntary enterprises as Brougham's 
Society for the Diffusion of Useful Knowledge, the Penny Cyclo- 
paedia, etc., etc., and e\en, in the long run, the Mechanics’ Institutes 
were unable to offset. 

A cause and a justification for the pessimism and an elfecl of the 
retrograde education system was that the trek of chemists to the 
German Universities had begun well before 1850. Among the first to 
go were A. W. Williamson, Edward Frankland, Lyon Playfair, 
Edward Turner, William Gregory, the Muspratt brothers, 1 J., B. 
iLawes, 2 J. H. Gilbert, 2 Warren de la Rue and several others. The 
favoured teachers were Liebig, at Giessen, and Bunsen, at Heidel- 
berg. Before the end of the century it became standard practice for 
cfcemittis -;yid many other scientists as well - to go to Germany to 
obtain their higher education. 

1 Of Widnes chemical industries. 

2 Of Rochamsted. 
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As a footnote wc may give the opinion of Liebig on British Science. 
He had first visited England in 1 837 and when he came again, in 1842, 
his visit was in the nature of a triumphal procession ;.he was ac- 
companied, on his tour, by the Dul>e of Westminster and Lyon Play- 
fair. He discovered, or thought he discovered, that England was not 
the land4>f*sciencc, for . . only those works which have a practical 
tendency awake attention and command respect, while the purely 
scientific works, which possess far greater merits, are almost un- 
known. . . * In Germany it is quite the contrary” (I etter to Faraday, 
19th December, 1844). 

Had he been in Manchester afejv months earlier, when Daltpn died, 
he might have revised Ins opinion. 1 he body of that great scientist lay 
in state in the town hall, and some 40,000 people passed the bier to 
pay their last respects. # llje funeral procession was nearly a mile long 
and included representatives of most ot the public bodies of the town. 
In fact, “The town was occupied f&r a lime with the funeral of Dalton ; 
business ceased ; the sheets wei e thronged with numberless sf xtators ; 
and the police of Manchester attended with a badge of mourning.” 
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CHAPTER IV 


THE MID-CENTURY: 1840-1870 


I n hjsjdiscussion of bureaucracy. Max Weber notes that the modern 
development of the bureaucratic system brings to the tore the 
practice of rational, specialised and expert examinations. Whereas 
previously the “Cultivated” man had been the ideal, under the impact 
of bureaucracy it becomes the "Expert”. Wirh this movement are 
associated social-levelling tendencies and the rise of democracy, to- 
gether with the separation of the worker from, the ownership of the 
means of production, and that limitation of function characteristic of 
bureaucracy. In this context it was of no little significance that the one 
feature of the English universities of which the reforming radicals 
thoroughly approved was their examination system. 

So far, as has been shown, the educational ideals of the upper and 
middle classes of I nglish society have certainly been "liberal”. Even 
the system proposed for the working classes had a strong "liberal” 
element (see above p. 31). I urthermore, Pngiish science had con- 
tinued to be, to a large extent, the preserve of amateurs and had only 
been loosely linked with technology. The amateur necessarily owns 
the "means of production” although such may be both large and 
costly— as, for example, was the PLarl of Rosse’s giant reflecting tele- 
scope at Parsonstown in Ireland. 

It can, in fact, be said that up to the mid-centuiy the social organisa- 
tion of science in England had not yet commenced. In essence, there- 
fore, what has been said above is no more than a preface; impoitant 
and not without historical interest, but still a preface. Wc have seen 
that scientific societies were to a large extent, composed of men inter- 
ested in science but not necessarily active therein; and we have in- 
ferred that the "Decline of Science” movement was actuated by th» 
recognition that continental nations had begun to organise science for 
the National good : that it was taught in their schools and universities, 
that i,t was beginning to permeate lhe»r workshops and factories and 
that the ativice of men of science was sought and heeded by their 
governments. 


54 
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Of* Mechanics’ Insihuiks, Technology and 
Other Matters 

Lcs*fc than ten years after the greaj events of 1823-5 it began to be 
quite cdear that gll was not well with the institutes. The trouble may 
be summed ilp in the words of Dr Hudson : “it was proved, upon un- 
doubted testimony, that these societies had failed to attract the class 
for whom they were intended, by their founders, Jo benefit.” 1 That is 
to say that, as Brougham had noticed in 1835, the mechanics and 
artisans— the upper working class — were abandoning the institutes 
and their places were being usurped* by clerks and shopmep. The 
lecture courses, started with so much enthusiasm, were falling ofT 
badly and the laboratories and workshops were being used less and 
less. 

# There were ample facts and figures to bear this out. For example, 
between 1839 and 1852 the Lxeds institute increased its membership 
by nearly tenfold but the average mathematics class declined ..om 36 
to 24 # while the chemistry class fell from 19 to 13. At Manchester the 
classes in* physical science dropped from 235 in 1835 9 to 127 in 
1840-4, and tw in 1X45-9. Side by side with this went an in- 
crease in the numbers of lectures on light literature and the drama and 
even on quite bogus sciences -phrenology and mesmerism were very 
popular. 

This raises the question : why did the institutes fail in their primary 
duty? It is not difficult to propound the answers. 

(1) In the first case there was the illiteracy of the classes for whom 
they were intended. F or this, the primary cause, the defective educa- 
tion of the country was to blame and beyond that were causes which 
are not immediately rele\ ant to this account. 

(2) As Thomas Coates of the S.D.U.K. remarked, 17] it was unreal 
to exclude economics and politics from the syllabus, yet to ir.ciude 
atomic theory and astronomy. The former subjects w r erc of vital in- 
terest to the intelligent artisan: to expect him to forego them in 
favour of abstract science was to demand from him a philosophic 
detachment on a truly heroic scale. 

(3) While it is quite true that a few men - James Young, founder of 
he paraffin industry, and Mercer of Oaken&haw, could and did use 

‘these science classes to climb to the top of the tree, they were very 
exceptional men who would probably have risen under any cinJum- 
stances. For the common run o£folk tilings wcie different. Unless the 
institutes could provide some kind of diploma, to be awarded on 
completion of a/i approved courje in an appro\. vl manner, it is diffi- 
cult to see what objective incentive there could be to protracted and 
1 History of Adult Education, by J. W. Hudson, 1851. 
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systematic study. While a few of the? largest Institutes could do this 
(rrotably the Edinburgh School of Arts, which first awarded diplomas 
in 1835), it was still necessary that such diplomas should be finan- 
cially worthwhile; that is, that employers generally should recognise 
their value and give preference and promotion to thp holders of 
them. 

(4) The middle-class invasion is a fact beyond dispute (vide: J. W. 
Hudson, Thomas Goatcs, Brougharrf, etc.) and it was sometimes sug- 
gested that resulting “class-snobbery” had the effect of driving the 
workers away from the Institutes. This, however, was clearly 
secondary and merely an effect** of the major causes enumerated 
above; although this is not to deny that class feeling had an effect. It 
also demonstrates the deficiencies of middle-class education and, in 
fact, of secondary education generally — tbaV the institutes were used 
to a large extent by the wrong classes does ril>t mean that they were, 
useless. T. E. CliiTe-Leslie, [2] examining the situation in 1852 dis- 
covered that the institutes were used by the -'ower middle classes in 
lieu of free public libraries. This was not surprising for while, there 
were in 1847, 107 public librtiries in franco, 44 in Prussia, 48 in 
Austria, 14 in Belgium, over 100 in the U.S.A., there was only one 
in England. Being self-supporting, the institutes had no option 
but to cater for public tastes; consequently fiction, periodicals 
and other light literature came to figure prominently on the library 
shelves. 

Whatever virtue may have inhered in the legal maxim that the 
Queen could do no wrong, the belief of many of Victoria’s subjects 
that the State could do no light is of more doubtful validity. The 
belief in individualism, the frequently expressed dislike of State 
interference and of centralised administration, were responsible for 
many of the educational ills of the nineteenth century. Even Hudson 
disapproved of State interference: “On the whole the experience of 
the past is proof of the danger of government interference, and of the 
instability of extreme centralisation, while it alfords conclusive evi- 
dence of the superior and enduring value of voluntary efforts.” (op. 
eit., p. 188). He had in mind the failure of some 15 Irish institutes 
which had enjoyed State support but had failed, and also the 
ill-success which had attended the government-sponsored scftoCfcjr 
of design started in 1837. There were plenty to agree with Hudson — 
for •example Herbert Spencer (“State Education Self-Defeating,” 
185J 1 ), Thomas Wrigley (A Plan whereby the Education of the People 
may be secured without State Interference , 1857), and the Dean of 
Hereford (On Self-Supporting Education , 1853). To justify the indi- 
vidualist point of view it was necessary merely to remark that whereas 

1 Social Static*. 
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free enterprise had founded nil the Mechanics* Institutes as well as 
the noble institutions of University College and King’s Colleger 1 en- 
dowments, as Adam Smith had shown, and no one since had doubted, 
had* produced the educational sterility of Eton School and the uni- 
versities; and if that did not satisfy you, were you prepared to hand 
education over to the tender mercies of the fox-hunting squirearchy^ 
The argument of the Individualists was, therefore, a formidable one; 
although, ^at the same time, J>S. Mill had con\e to the opposite con- 
clusion, maintaining that : "Education ... is one of those things 
which it is admissible in principle that a government should provide 
for the people.” 2 

Be Jliis as it may, when the social changes within the institutes were 
noticed, there were vigorous attempts at reform, improvement and 
reorganisation. When jthf full significance of illiteracy was recognised, 
the leading spirits of«thc movement made determined efforts to over- 
come it. For the simpler folk Ljfcemrts were established where they 
could acquire the thjree “Rs” without the humiliation of going to 
school” and, on the other hand, without jumping the fence to atomic 
theory. 'Also, acting on a very souitd principle, the larger institutes, 
notably those a. Manchester and Liveipool, established day schools 
for boys and girls. But perhaps most important of all was the inven- 
tion of Union; the first example of which the Yorkshire Union of 
Mechanics’ Institutes- had been oi iginally proposed by Edward 
Baines in a letter published in the Leeds Mercury m September 
1837. 

The purposes- -and advantages of federation were obvious: it 
was to enable a rational system of lectui es to be created and tfie free 
circulation of books and pamphlets to be started. The lectures pro- 
posed were to have included systematic courses in mechanics, 
chemistry, economics and statistics ; it was also hoped th*u a “dip- 
loma of merit” could be awarded to the industrious, and ;bat this 
would achieve general recognition from employers. Unfortunately, 
for the tirst few years little was accomplished, apart from a few lec- 
tures on applied chemistry and mechanics, and it proved impossible 
to obtain a permanent lecturer in the physical sciences as had been 
intended; instead the lecture courses were given by part-time and 
^dhintary workers. Not until 1846, when an efficient secretary and 
igcnt was engaged, did the Union really begin to expand. By mid- 1 
;cntury it embraced over 100 institutes with a membership of nearly 
20,000 individuals and \vas, # at that time, the largest educational 
organisation in the country. Similar Unions were also* founded in 

1 Durham Urrtversity, so closely modelled on Oxford and Cambridge, was less 
praiseworthy from both the progressive and individualist points of view. 

* Principles of Political Economy, 1848. 
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London, Lancashire, Cheshire, Scotland, the Midlands and the 
Notfh. 

It would /lot be claiming too much to suggest that from the day 
when the Yorkshire Union was founded we can date the beginning of 
the effective social organisation of science in the country. Thig was 
Jhe first organised attempt, on anything approaching # a f national 
scale, systematically to teach and to forward the pure and applied 
sciences. The first institutes had been launched with the hope that 
they would be carried along by the stream of progress; the funda- 
mental need for organisation had not been foreseen. 

The report of the 1851 census nqjed the location of the individual 
institutes and the nature of the classes they held. [ 3 ] The greatest con- 
centrations of science classes were in south Lancashire and the West 
Riding, thus confirming Cooke-Taylor's observations. Other notable 
areas were Tyneside, the ports of Southampton and Devonport and 
the Cornish mining districts. 1 Conversely the backwardness of the 
Black Country had continued since Brougham jiad first noticed it in 
1825. This was possibly due to the dispersed nature of Black Country 
industry: a pattern of small musters would not be favourable for 
such collective efforts as the founding of an institute would require. 
Also wealth was more dispersed in such a society and there was less 
chance that a wealthy and benevolent person would either give a lead 
or make a large donation. 

In order to give some proportion to the picture, however, it must 
be remembered that there were, at that time, only 700 institutes in the 
country with a total membership of about 110,000. That is to say, 
considerably less than 1 per cent of the population were members of 
institutes. Even in an adyanced county like Yorkshire, only 2 per cent 
of the people were members, and in the leading city of all --Man- 
chester — it was estimated that less than one third of the mechanics be- 
longed to an institute. This, it seems, constituted a serious indictment 
of the social conditions of the wealthiest country in the world. In the 
manner of the iceberg, only a small part of the body social was open 
to survey, the greater part being submerged and out of sight. The 
analogy is not inapt for it was widely believed that the “laws” of 
political economy were as immutable as those of hydrostatics. 

The Society of Arts 

Thfr Society for the Encouragement of Arts, Manufactures and 
Commerce (now the Royal Society of, Arts), has recently celebrated 
the bi-centinary of its foundation (1754). There are few, if any, 
organisations in this country whose records of services Jfreely given to 
social progress can rival that of this admirable Society. Agriculture, 
industry, applied art, education and pure and applied science have all 
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been benefited and the room 1 * of the Society of Arts served as incu- 
bator and clearing house for many of the most constructive ideas for 
the development of science, technology and social reforn\ in the nine- 
teenth century. During the Presidency of the scholarly and liberal 
Prinqp Consort, the active members included such interesting and 
important ^personalities as Henry Cole, Dr Lyon Playfair, Edwin 
Chadwick, J. F. D. Donnelly, R.E., and many others whose services 
are too well known to require description. 

Prom tfle time of the revolution onwards the French had held 
national exhibitions at more or less regular intervals and the first idea 
of an international exhibition setjms.to nave occurred to M. Buffet, 
Minister of C ommerce, in 1848. Nothing came of this original con- 
ception for french manufacturers appeared icluctant to sponsor it. 
However, the idea tra\elled to England whcic the soil proved to be 
more fertile; there it aroused the interest of Henry Cole and a small 
group of members of the Society, find from their subsequent initiative 
was born the deservedly famous Gieat Exhibition of 18 " 1 . In the 
execution of the project Henr> Cole, to whom the chief credit is due, 
was* joined by I yon Playfair and the whole enterprise had the full 
backing ofll 1 ( onsoit. 

Certain modem wrileis have expressed the opinion that the Exhi- 
bition was “not impoiLint”; but that is a specialist view which can- 
not be maintained An assessment of its direct and indirect effects will 
show clearly how impoitant it was - at least, for science and tech- 
nology. On the one hand it rcpiesented the concrete embodiment of 
the idea of progress in so obvious a fashion as to penetrate the general 
consciousness of the community. As the late Professor Bury wrote, 
“it was m one of its aspects a public iccognition of the material pro- 
gress of the age and the growing power of man over the physical 
world.” [4] Hence it resulted m an enhanced social ap*,*o\al of 
science and technolog> and it stimulated the advocates of sconce to 
renewed eflbi ts. 

Also it created a fashion tor International Exhibitions: during the 
second half of the century exhibitions were held in many cities all 
over the world ; by 1872 they had pcnetiated to places as remote as 
Santiago, Lima and Kioto. Whether these contributed to inter- 
actional amity is, perhaps, a dcbatcable question ; what appears to be 
less doubtful is that the> served as milestones of progress: the Vic- 
torian could note, exhibition by exhibition, the advances made in the 
various sciences, technologies and applied arts both by his own 
country and by its trade avals! Accordingly he could feel»satis1ied oi! 
he could take steps to remedy any defects the were apparent. They 
were media of communications and it was not long before this aspect 
became very important. 
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This leads naturally to a consideration of the state of affairs which, 
it was thought, was revealed by the Exhibition. To make a proper 
comparative survey of the processes and products on show would 
demand a study of its own and an encyclopaedic knowledge of the 
arts, crafts and technologies errfployed. Fortunately we are # con- 
cerned, not to make such a comparison, but rather with the rfcafitions of, 
"and the conclusions reached by the observers of the scene. What is 
important is not so much the ‘'reality" of the situation — however that 
is defined— but the reactions of men to that situation. 

In the previous year an anonymous writer, “Philoponos”, ob- 
served that there was little juvenile Jabour in France and hence more 
time for industrial instruction. The French lead in applied chemistry 
did not escape him; specifically he instanced Bcrthollct, Mongc, 
Prieur, Vauquelm. France had indeed paid great attention to 
chemistry and had applied it to the arts. Some English industrialists, 
like John Cockerill, had even 'm igihtcd to the continent in anticipa- 
tion of an English decline following the industrialisation of the 
continent. [5] 

The Edinburgh educationist, James Simpson, believed that *‘wc 
were beaten by the French whenever manufactures particularly de- 
pended on science”; a view to which some notable members of the 
Society of Arts subscribed. An official Belgian obsei ver (DeCocquiel), 
a careful and fair-minded man, reported to his government that 
English industrial supremacy was due to immunity from revolution 
and invasion, to liberal political institutions, to great natural re- 
sources and to commercial genius, but not to industrial skill, al- 
though British manufacturers were increasingly alive to the need for 
industrial instruction. [6 m ] A special commissioner, J. A. Lloyd, F.R.S., 
lamented the “long neglected education of the middle classes in 
science”, and looked enviously at France with her magnificent 
schools of science, both pure and applied. [7] 

Charles Babbage was once more inspired to write about the social 
relations of science. Of particular interest arc the opening words of 
Chapter 14 of his book : l “Science in England”, he remarks, “is not a 
profession ; its cultivators are scarcely recognised even as a class. Our 
language itself contains no single term by which their occupation can 
be expressed. We borrow a foreign word (savant). . (p. 189). The 

list of official scientific posts he was able to enumerate is also inter- 
esting “A few professorships ; the Royal Astronomers ; the Master of 
Mechanics to the Queen; the Conductor of the Nautical Almanac; 
the Director of the Museum of Economic Geology and of the 
Geological Survey; Officers of the same; Officers of the Natural 
History Museum”. These offices exhausted the State patronage of 
1 The Exposition of 1851 , by Charles Babbage, 1851. 
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science, the measure of which could be gauged from the fact that 
the maximum salary paid was\i mere £1,100 a year (Astronomer 
Royal) 

After noting the great differences in wealth and raifk in this 
country, Babbage added that “It is without doubt very desirable that 
all classes shpuld contribute to the intellectual advancement of the 
country blit unless different advantages are proposed to different 
classes, it is not possible to applvany gencial stimulus to all” (p 198). 
That science is its own icward may be true, but as an “incentive 
theory” this involves a vicious cncle, “for it can only be known to 
those who have already advanced in the cancer ot discover) ” To sum 
up Babbage’s argument the social ’and economic mccntifcs to 
scientific activity m I ngland wete, lie believed, too small for the 
maintenance ol that balance between science and technology which 
the course ot piogiess increasingly requned 

Wheicvei the exact truth lies in # this jnatter, two tacts are incon- 
testable I irstlv, the I \hibition was a great success for Butain, for 
hee-tiade, tor industryMnd foi liberal common sense The number of 
medaTs awarded to this country by an international jury is ample 
proof ol the fir * ind second, the success of the Txhibition of 
the third. But the second lact is less creditable, foi ff was shown 
that of all the major competing 1 uropean countries 1 ngland and 
Belgium were the onlv ones without organised systems ol technical 
education 

( eitainly the members of the Society of Arts w-re not complacent 
for, m the following winter they organised a series oflcctutes on the 
results of the l \hibib m and the lessons which could he learned from 
them [(V] l ollowing the opening lecture by Whevvell, speakei after 
speakei emphasised the need for scientific instruction, each one 
illustrating his point by retercnce to his own profession or science. 
But perhaps the most eloquent lecturer was L von Playfair, tor h$ had 
seen, mote clcailv than anyone else, 1 that the progress of pure sc ence 
was rapidly becoming a pi cieqmsitc for the piosperitv of a manu- 
factuung nation The cultivatois ol abstract science, the searchers 
aftci truth for truth s own sake aie the 'horses’ of the chariot of 
industry” but wc neglected the “horses” He believed that the 
e xhib ition showed that wherever a nation used science in its manu- 
J'Sctuics that nation was in the ascendent , and he suggested th°t . “In 
the establishment of institutions lor industrial instruction, you, at the 
same time, create the wanting means for the ad\aneement of science in 
this country ” for “the progress tf science and of industry in countries 

which have reached a cei tain stage of civ lhsation ough actually to be 

* 

1 He had had the (then) almost unique experience of having been an industrial 
chemist as well as an academic teacher 
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synonymous expressions ; and hence if follows that it is essentially the 
policy of a nation to promote the one which forms the springs for the 
action of the other. I think it, therefore, no mean advantage to this 
nation that the establishment of industrial colleges will materially aid 
the progress of science by creating positions for its professors and for 
those who would willingly cultivate science, but are seared from it by 
the difficulties they have to encounter in its prosecution”. 

Unfortunately they left the last \pord to Henry Cole who was 
still, at that time, attached to the ideas of dogmatic individualism. 
Accordingly he could say: ‘The value of science depends on its 
practical application and that^ I submit, depends on the public want 
of it.”* 

These lectures were not, of course, the only efforts made at that 
time; in fact the Great Fxhibition ushered in a period of greatly in- 
creased activity on behalf of science and teicgtific education. In the 
year 1851, Hugo Reid, lecturing ft Nottingham, had recommended* 
the conversion of the mechanics' institutes into colleges for the 
people. Reid proposed a four year course of systematic instruction in 
mathematics, ph>sical and biological science and mental and lYioral 
philosophy. [9] T. F. Cliffe- Leslie, in the following year, suggested 
that the Society of Aits should act as a centralising agency for the 
institutes ; rather in the same manner as I ondon l Iniversity did for its 
affiliated colleges. Another progicssive, C anon Richson, speaking at 
Manchester, urged the mechanics to convert their institute into a 
technical college; [/0] while Lyon Playfair, addressing the radical 
“Peoples' College” at Sheffield, deplored the “intense ignorance of 
science” among our educated classes. Playfair went on to contrast the 
importance of applied science widi the fact that there wete only 1190 
salaried posts available for those who forwarded the sciences, philo- 
sophy and literature. [//] 

Exhortation of this kind certainly indicates a slate of alarm on the 
part of those who would get things done; as a way of getting them 
done its value is not quite so apparent. It was naive to suppose that a 
large and ill-defined group, like the “mechanics” would be capable 
collectively of creating an adequate system of technical education. 
Only an extreme individualist could believe that the mechanics could 
lift themselves, and at the same time the slandaids of their industry, 
by their own shoe-strings. On the other hand it is not difficult to be-' 
lieve # that the mechanic of left-wing persuasion would have asked him- 
self why he should bother to acquire a technical education when the 
main,<rperl\pps the whole, profit would* go to his master. 

A much more reasonable point of view was argued in 1853 in the 
essay — “The History and Management of Literary, Scientific and 
Mechanics' Institutes” -which gained the Society of Arts Prize for its 
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author, James Hole. Central tp the main argument of this essay was a 
sustained and eloquent plea for State aid for the institutes. Much,had 
been done, Hole admitted, but it had been without system because 
“an .unreasonable jealousy of all interference of Government on the 
part of the people, and an almost ifttcr indifference on the part of the 
Government itself to its own highest duties, have, in the past, pre- 
vailed”. But, “Government is a machine, liable to defects, and some- 
times to breakdown. Let us diminish its defects, improve its powers, 
but in the flame of all experience and commonsense let us not cast an 
imperfect tool away, when we have none to substitute in its place.” 
Following Playfair he believed that:,“By improving the position of 
the scientific teacher, we should Kelp to extend the domain of science 
itself. ... It is not likely that men will devote themselves to science 
when the reward of years of laborious study will most probably be 
poverty and neglect”, supply oflectuicrs and teachers would alter 
’ this, for : “the means of living wo aid b« found for the poor student of 
science, and the path of honourable distinction opened to him” 
(pj>. Ill 12). [12] Hole argued strongly that the Mechanics’ Insti- 
tuted should be made constituent colleges of the proposed “Industrial 
University” (''cl bJ«nv). 

But it would not have been characteristic of the Society to confine 
its activities to organising lectures and awarding prizes; and so, on 
18th May, 1852, the Vice-President, Harry Chester, invited the 
Unions of Institutes to a conference to discuss the ways of forwarding 
technical education. I'wo months after the conference some 220 
institutes with a total of 90,000 members became affiliated to the 
Society - a development which would hardly have been possible 
without the prior existence of the Unions. It was at this point that the 
Rev. James Booth began to play an important part in the technical 
education movement. 

Like Whcwell, Booth was a priest of the Fstablished Chirih and, 
at the same time, a veiy competent mathematician; as his original 
contributions to that science prove. 1 He differed from Whc ,w cll in that 
he held a more pleasing social philosophy: he was very aware of the 
“vast reservoir of unfriended talent” among the semi-literate classes 
and he knew that this was both unjust and wasteful. He recognised 
JJj^growing importance of scientific and technical education and he 
hsaw quite clearly that the touch-stoncs of then current economic 
theory could no more be applied to science and education thai>they 
could to the British Museum, the National Gallery or the Armed 
Forces. 

Booth had joined the Society of Arts that . car with the avowed 
object of forwarding technical education through the agency of 
1 He was not, however, a Cambridge man ; he graduated at T.C.D. 
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written examinations, and the affiliation of the Unions was to pro- 
vide § him with his great opportunity. As a result of his initiative a 
small committee was set up comprising himself, Bell, le Neve Foster 
and Twining; all stalwart friends of technical education. They, cir- 
cularised manufacturers, educationists and others on the question of 
the need for instruction in technical science. Stressing the importance 
T}f chemistry and physics in the improvement of manufactures, they 
urged that, in view of our educational/backwardness and the enter- 
prise shown by our foreign rivals in the matter of technical education, 
the Mechanics’ Institutes should be converted into industrial schools 
with set syllabuses, examinations and prizes for the successful candi- 
dates. * 

Most manufacturers received the proposals favourably and the 
final recommendation of the committee was for the establishment of a 
central technical college, either in London br’ [Manchester, to teach 
and to examine in science. [/.}] (Examination was regarded as an ' 
excellent incenti\e, for it was well known that, at the universities, 
young men would only attend lectures when they had a direct bearing 
on the degree examination.) r c 

These recommendations were not allowed to rest for the Society 
immediately proceeded to organise a comprehensive science examina- 
tion system in collaboration with some 400 of the leading Institutes. 
Although the first examination was a failure, for only one candidate 
presented himself, a suitably modified syllabus pro\cd much more 
acceptable and in 1856 there were fifty-two candidates. This first 
successful examination was held in London ; m the following year the 
examination was held simultaneously in 1 ondon and Huddersfield, 
and subsequently in many other, centres as well. In each year the 
number of candidates was greatly increased and the elfcctisc area 
progressively extended, ranging from “Pembroke Dock to Ipswich; 
from Brighton to Newcastle-on- 1 yne” ( Athenaeum , 19th June, 1858). 
As the chief architect of the new venture Dr Booth was determined 
that it should not fail through lack of publicity. He proclaimed to the 
mechanics why they should learn, what they should learn and how 
they should learn it. Proficiency was now to be tested by rigid ex- 
amination: “The Society of Arts docs not profess to teach; it 

examines”, and examination, as wc know, is an inccnti\e [A/l^ 

little unkindly the Athenaeum characterised Dr Booth’s ideas as “the , 
knowledge-box plan”.) 

The Society soon recognised the need for adequate financial incen- 
tive t<f bring in the candidates; they fticreforc drew up a “Declara- 
tion” with the purpose of giving value to their diplomas in the labour 
market by affording as wide a degree of public recognition as possible 
?nd by imposing a kind of moral obligation on the employers of 
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scientific labour 1 They also us$d their influence on behalf of their 
“graduates” and, in this way, in 1856, a successful student was ap- 
pointed an assistant observer at Kcw observatory But generally the 
jobs winch came the way of students seem to have been clerkships 
and, in 1 861 , we find the Leeds Studeihs 1 Jmon complaining that they 
wanted* tecJuJicafposts, as i n H M Dockyards, and were not interested 
in the clerical appointments ottered them [15] 

I he lists of successful candidates reveal i vers high proportion of 
clerks and bbok-keepers thus confirming the trut'h ot the assertions 
made about the social structuie ol the Mechanics’ Institutes from 
1835 onwards They indicate, too § the very slight extent to which 
scientific knowledge c in have penetrated the great mass of the 
people for these were the first svstcmatic examinations established 
for the non-piivileged classes (Incidental!) they were also among the 
first to be open to worn* n students Sophia lex Blake was a success- 
ful candidate in 1S62 ) I here is sohic correlation between the per- 
centage of clerks and the numbers taking the book-keeping t anima- 
tions towaids 1870 the science subjects began to be more popular 
and the percentage ot clerks fell WJien the science subjects were 
diopped from mk * n mutations m I s"0 the proportion of clerks in- 
creased, while the number t iking bookkeeping mcieased both 
relatively and absolutely lust before thit elite an increasingly wide 
l dnge of occupations had been represented among the examinees 
mechanics, shipwngh Is, utisins, millw lights tticheis, governesses, 
engmeeis, weavers, vv irehousemen, etc , etc 

A DkvRISsion on 1 \\Mi\/vno\s 

The establishment of examination* b> the Society ot Arts was only 
one part ot a general mama for examining everybody by means of 
wilt ten answei ^ to punted questions as the ithenacum ue^, nbed 
it [ 16] which swept the counti\ at this time It was a remuT^able 
social phenomenon In a tew >l iis a comprehensive system of ex- 
aminations was established affecting large sections in all clashes of the 
community above the vciv humblest In order of priority they arc 
(1) lust before 1851, there vveie the Board ot I rade examinations 
for Masters and Mates of Merchantmen, and 
The College of Preceptors F xammations 
(3) [n 1850 the Oxford Honours Schools in Mathematics, Natural 
Science, Histoiy, 1 aw and Iheologv 

1 Among those who signed the Dctlu ition wue the Archhishop*of Canter- 
bury, Sir Stafford Northeotc, Sir J 1 # W Herschel, huiles Babbage, Robert 
Stephenson, Idwifd Baines A W von Hotminn Di Jell (Principal ot King’s 
College, London), Sir J W l ubbock, is well as a 1 irge number ot industrialists, 
bankers, engineers, etc , etc 
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(4) In 1851: the Cambridge Triposes in Moral and Natural 
Sc/ences. 

(5) In 1854 : competitive examinations for entry to the Indian Civil 
Service. 

(6) In 1856 : the Society of Arts Examinations. 

(7) In 1856: the Inns of Court Examinations. ATeg&l f university 
was proposed. 

(8) In 1858: the Oxford and, later, 4 Cambridge “1 ocal” Examina- 
tions for schools. (Inspired by the Society of Arts examinations.) 

(9) In 1858: the University of London Science Degrees. At the 
same Jimc affiliation was virtoall,v abolished (except with regard to 
medical studies) and the examinations thrown open to all comers 
irrespective of whether or not they had attended a college. 

(10) In 185^. the Department of Science qnd Ait Examinations. 

The written examination system was derived from university prac- 
tice and in social, as in acadtfmicdiifTairs it constituted a great reform. 
When fully established the system meant, oilier things being equal, 
the virtual elimination of patronage in the professions and the ser- 
vices of the Stale. Booth has at good a claim as any other person to 
have been the pioneer of this reform. In 1847 he had published a 
booklet urging the creation of what was, in effect, a Civil Service 
Commission. [17] r I cn years later he was still an enthusiast ; demand- 
ing equality of opportunity and pointing out that if employers re- 
quired proof of educational attainment a supply of educated people 
would be created [1H] But, in later years he began to have doubts 
and felt that the system had been pushed too far; that over-examina- 
tion was a dangerous possibility. 1 

NfW CotlLGfcS AND S 1 A 1 I Ad I ION 

Before describing the first action to be taken by the State in the 
matter of science and scientific education, we must go back a few 
years to 1845, when the Royal College of Chemistry was founded. 
Before that year the only chemical teaching, apart from the ad hoc 
courses at Mechanics’ Institutes, was given at the London Colleges 
where the emphasis, when not linked to medical training, was of a 
"liberal” nature. The c\enls which were to lead to the establishment 
of professional chemical training took place in the early 1840’s\f4ien 
chemistry had suddenly become a relatively fashionable science 1 
Liebig’s visit to this country (1842) had aroused great interest; not 

1 Other notable advocates of examinations were rdwin Chadwick and Robert 
Lowe, the 1 ibcral politician I owe played an important role m drafting the 
Government of India Bill ol J853 which, among other things, instituted competi- 
tive examinations for entry to the Indian Civil Service [/9 j Lowe’s influence on 
certain scientific matters will be discussed below. 

\ The Chemical Society was founded in 1 84 1 . 
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only did he enjoy Royal patronage but Ins work at Giessen had raised 
the prestige of chemistry in the estimation of English landowners »It 
was on the crest of this wave of public interest that a number of dis- 
tinguished gentlemen, chief among whom weic the Prince Consort 
and Sir Jan^s flark, the Queen’s physician, founded the Royal 
College ofiChemistry. Established by public meeting at St Mai tin's 
Place on 29th July, 1845, the College was first opened at Hanovei 
Square. 

The new College soon enjo>ed a ieputation quite out of proportion 
to its si/e The first professor was \ W von Hofmann, nominated by 
l jebig, who rapidly gathered togelfcei n bulliant group of chegiists* 
Warren de la Rue, Pei km, 1 rank! md, Nicholson, Ocllmg and many 
others Hofmann quite natuially imported German umveisity pnn- 
ciplcs, and the practice ,ol lanfniluit wis theiefoie adopted. 
Students leaving the C ollcgc on completion of the course weie 
awaided either Certificates of Attendance 01 lestimomals of Pro- 
ficiency, the latter bei«ag the senior award, and to obtain u, it was 
necessity foi the student to have completed some original research, 
woithy oPpubln dion It was claimetl that most experiments weie 
earned out to advance* knowledge and, at the same time, to increase 
the student's expenence [20] 

\ parallel development was the foundation of the Government 
School of Mines and Science Applied to the Arts In 1835 Sir Henry 
de la Beche had suggested the fonnition ot a Museum ot Lcononnc 
Geology which would also be useful loi instruction With the help of 
Sir Robert Peel this w is done, and, in 1 S45, the geological survey and 
the museum together with the mining reeoids oihee weie moved to a 
new building in Tcimyn Stieet 1 1 hcMogical culmination ot this was 
the lnauguiaiion, on 6th Novcmbei, ISM, ot the School of Mines. 
Here, too, the stall was ot lust cla,s calibie thv. Principal wjv ie la 
Beche, Lyon Playfair lectured on Applied C hennstiy, hdward 1 ^ r bes 
on Natural Histor), A C Ramsay- on Geology, Robeit Hunt on 
Mechanics, John Peny on Metallurgy and Waungton Sniythe on 
Mining, m 1854 Potbes retired and was succeeded by T H Huxley. 
Prior to the establishment ol the G S M there had been no mining 
school m this countiy (apart from one or two unsuccessiul experiments 
hk*»»ihe one projected m Cornwall by Su Chules Lemon) for a 
dbuntry whose wealth was founded laigely on coal, De C ocquicl had 
thought this shocking , and so it w.is toi the toll of life was extrm^ly 
heavy 

The first two sessions (1851 and 1 852) ot the GSM we A notable 

1 The investigates of Plaviair and t u io iy into the state ol the eo il-mmes had 
clearly shown the need for more scientific methods in that industry 

2 An uncle of the distinguished ehemist, Sir William Ramsay 
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for the brilliant inaugural lectures feiven by Lyon Playfair before 
audiences which included some very distinguished people. In his first 
lecture Playfair urged the importance of ensuring a developing har- 
mony between the advance of pure science and the progress of 
industry ; to this end the new College could make, mqst important 
contributions. The relationship between science and industry had, he 
believed, become so fundamental that, if the necessary harmony was 
not achieved, then:. “As surely as darkness follows the setting of the 
sun, so surely will England recede as a manufacturing nation, unless 
her industrial population become much more conversant with 
science than they are now”. [27] 'But the second lecture, given in the 
autumn of 1852, was more important and aroused greater interest, for 
earlier in that year Playfair had, at the request of Prince Albert, 
toured the Continent studying in great det.iikthe methods and data of 
foreign technical education. He yga s therefore able, in this lecture, to 
present his findings, backed by facts and figures, and to stress the 
implications he believed they warranted. [22] • 

In the past, he said, our great and cheap natural resources ha^l been 
in our favour. But such is the development of transporCand com- 
munications that, in the future, differences in natural resources will 
count for less and less and the race will go to whoever commands the 
greatest scientilic skill. We have, he complained, “an overweening 
respect for practice and a contempt for science.” 1 he trouble is : “In 
this country we have eminent ‘practical’ men and eminent ‘scientilic’ 
men but they are not united and generally walk in paths wholly 
distinct. . . . From this absence of connexion there is often a want of 
mutual esteem and a misapprehension of their relative importance to 
each other.” Here, in' a remarkable fashion, Playfair had anticipated 
the conclusions and almost the very words of the Haldane Com- 
missioners, 1 some half a century later, when they were giving the 
reasons for the foundation of the Imperial College. 

The development of these two colleges was a very important conse- 
quence of the Great Exhibition. The idea of an Industrial University 
was, indeed, very widely approved at that time; memorials from 
the industrial areas urging it had been submitted to the Commissioners 
of the Exhibition and we have already seen what the Society of Arts 
thought and did. As early as August 1851 Playfair had written Wde 
la Beche suggesting a plan for technical schools throughout tile 
country to be united “with a University of Mines and Manufactures 
empowered to grant degrees and diplomas”, [23] and it is clear that 
the Prince also cherished an idea of this nature. Fortunately there 
was a surplus of some £186,000 froln the Exhibition jmd this money, 
together with £1 50,000 voted by Parliament, was used to purchase the 

1 See p. 151 below. 
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South Kensington estate. Besides the Technical University it was 
hoped to centralise the learned societies, art galleries, museums, *etc. 
on this estate, thereby creating a University City on a really large 
scale. The plan was only partially realised, of course, for among 
other* things certain of the learned societies objected to being 
“planned*’ in this fashion. 

At the same time the Stati^ itself had begun to move on a more 
general scijlc than the foundation of one Technical College would 
indicate. In her Speech from the Throne on 11th November, 1852, 
[ 24 \ the Queen had promised a comprehensive scheme for art and 
science on a scale that befitted* an* enlightened nation. On 16th 
March, 1853, Edward Cardwell of the Board of Trade, wrote to the 
Treasury suggesting the formation of a Department of Science to be 
allied to the already ctisting Department of Practical Art. The new 
Dcpaitmcnt was to cflntiol the C^S.M # . and the R.C.C. (which was 
nationalised) as well as the Government Geological Departments and 
various museums and institutes in Scotland and Ireland. Approval 
from the^ Treasury was forthcoming and the new Department was 
constituted with Henry Cole as Art Secietary and Playfair, appointed 
by Cardwell, as Science Secretary. (The Department was entirely con- 
cerned with educational matters and was therefore m no way similar 
to the present Department of Scientific and Industrial Research.) 
The two Science Colleges were gradually transferred to the Com- 
missioners' 1 ands in South Kensington, the operation being com- 
pleted by 1872. 

The Science and \rt Department was not conspicuous on the 
national scene for se\eral >ears. It created a few science schools which, 
with the exception of those in Aberdeen, Birmingham, Bristol and 
Wigan, failed before I860 and it also paid the salaries of a few science 
teachers. It was not until 1859, when a comprehensive mim f c by 
I ord Salisbury and Mr C. B. Adderley was passed granting aid to 
science teachers under certain conditions, that expansion really began. 
The new system, as it de\ eloped, was one of payment-by-resulls. Any 
person who passed the Department's examinations could, if ap- 
proved, set up as a science teacher, and was paid by the Department 
in proportion to the examination successes obtained by his pupils. 
TBs led to some of the worst kind of “cramming” and the mental 
effects on many of the pupils must have been analogous to the effects 
of the more material cramming on thcli\ers of Strasbourg geese. But 
it probably did result in a widar and faster diffusion of sojne science 
among the people than could have been acliiev d by any other means 
for the same outlay of public nfoncy. [25] In this way, the number 
examined rose from about 1,300 in 1861 to 34,000 in 1870, and had 
passed the 100,000 mark in 1887. 
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Unfortunately the new School of Sdence was not, for many years, 
a marked success. For the first ten years of its life the average number 
of matriculants per annum was only 12, while the number of occasion- 
al students was only 54. Of mining students, who, after examination, 
found work in mineral and metallurgical works or in, the, Geological 
Survey, the average was only 4 per year (1853-71). [26] The number 
of fully matriculated students remained at between 40 and 50 for 
about twenty years., This is very surprising when it is remembered 
that the college had few rivals, that its staff could bear comparison 
with that of any other university institution in the country, and that it 
was government backed. But perhaps we can anticipate a little and 
point out a clue. In the first Report of the Department of Science and 
Art, Playfair and Cole (almost certainly the former) wrote: ”. . . be- 
fore scientific instruction, either for adults or youths can be made 
permanently successful, it is necessary to cream a taste for it by in v 
fusing it into the primary education of those classes to whom 
secondary instruction in the scientific principles of their trade is 
necessary. . . . liven before (higher institutions) can be satisfactorily 
established, an intermediate class of secondary schools would appear 
to be necessary”. [27] It was deficiency, or even absence, of primary 
education which had inhibited the development of the Mechanics’ 
Institutes; the higher scientific institution, in its turn, was to be re- 
tarded by deficiencies at the intermediate level. Secondary education, 
such as it was, was very defective in England at that time, and was to 
continue so for many years to come; it was therefore quite natural 
that frequent and bitter complaints were uttered by the teachers of 
advanced science of the day, that their students came up to college 
badly prepared in science. 

Important as the new colleges were, they were not the only new 
foundations created during this, the second phase of the diffusion of 
science in England. In November 1853 the Birmingham and Mid- 
ands Institute of Industrial Education was opened. This was a 
school of industrial science providing i nstruclion in applied chemistry, 
mechanics, metallurgy, mining and ventilating, geology and minera- 
logy. In standard it was intermediate between school and con- 
temporary university college and was intended for the working class. 
Another enterprise was the Rev. F. D. Maurice’s Working Mefc’s 
College ; but the educational aim in this case was rather more literal 
than scientific. In 1855 Dr Booth founded, at Wandsworth, a trade 
( schoo 1 for the sons of artisans ; the subjects of instruction included 
chemistry’ physics and the steam engine. Unfortunately this school 
survived only two years. In 1857 there was a movement to found a 
Western University at Gnoll, in the Vale of Neath. This, had it been 
earned through, would have been the first university college in 



the mid-century: 1840-1870 71 

Wales. 1 The expressed intention was to teach the practical applica- 
tion of science to land, manufactures and commerce as well as to pre- 
pare for the liberal professions and the public services. In the follow- 
ing year a Mining College was founded at Wigan; after great diffi- 
culties and set-backs this College did manage to survive and is active 
today. 'Fiijai'icial difficulties were also experienced by the London 
Mechanics' Institute at this time; in 1858, Lyon Playfair, at the order 
of the Government, investigated the condition of the College which 
was then ndar collapse. (Its downfall, remarked 'The Times , “would 
be an immense disgrace.") The Committee of the Institute asked for 
government help but this they did not get. 

But of these new ventures, by far the most important was the 
foundation of Owen's College, Manchester. The highly progressive 
spirit shown by all classes in South Lancashire has been alluded to be- 
fore and has been confirmed by the census report. The idea of a uni- 
^rsily institution had never been 5 far from the thoughts of Man- 
cunians during the first half of the century. James I leywood "brother 
of ^Benjamin Heywood) had strongly urged the foundation of a 
college in 1836, but it was not until 1846, when the will of John Owen, 
a wealthy me: Jin .< was published, that the great opportunity oc- 
curred. Owen left nearly IT 00,000 to found a college, naming as his 
trustees for this purpose the Mayor, the Dean (Dr W. Herbert, a 
well-known amateur botanist), and the Manchester M.P.s, among 
whom were James 1 leywood and C obden. 1 he college, first located in 
Cobdcn’s old house in ('anal Street, Manchester, was formally 
opened on 12th March, 1851, and was affiliated to London (Jniversity 
two months later. Among the first professors to be appointed were 
Fdward Frank land and W. ('. Williamson. 

The deficiencies in the previous education of the students soon 
made themselves felt as did the inevitable shortage of money. The 
usual appeals for government aid (November 1852 and July 1853) 
were followed by the usual refusal, and the outlook became so bleak 
that, by 1858, the Manchester Guardian could say that the college had 
failed. But this was rather premature. Evening classes had been intro- 
duced and were successful ; the London B.Sc. proved a very attractive 
proposition in Manchester and the chemistry department, in particu- 
lar^ flourished exceedingly under the inspired direction of Henry 
EWield Roscoe.- The staff were energetic and loyal, and the people of 
Manchester did not abandon their college. Conspicuous among the 
latter were such friends of the college as Sir Joseph Whitworth, C. F. 
Beyer (a native of Germany), Vfilliam Fairbairn, E. R Latogwdrthy 
and others. [2#1 

1 Arthur Cayley was appointed Professor of Mathematics. 

1 Appointed in 1857 when Fi ankland went to South Kensington. 
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London Universitv 

London University was very liberal in the way in which it “affili- 
ated” new colleges. In 1 858, when its charter came up for renewal, the 
University took the next step in' this policy and opeped^its examina- 
tions to all comers. Apart from the medical schools thistmeant the 
virtual disaffiliation of all the constituent colleges and the complete 
loss of control, never very strong, by the London Collies over the 
examination boards. A material reason for this step was that it was 
becoming impossible to enforce any uniform standard of work on the 
heterogeneous and widely dtepessed colleges. Nevertheless this act, 
which was retrograde, also had its ideological aspect —it is believed 
that it was strongly supported on utilitarian grounds by Grote and 
Lowe. 1 After much trouble it had to be, revoked at the end of the 
century; but, from 1858 to 1903 the University of London was 
neither a University nor was it of London. One is reminded of the 
Holy Roman Empire! * 

A much more interesting feature of the new Charter was th? insti- 
tution of science degrees. These degrees reflected the growing ac- 
knowledgment of science by a large section of the intelligentsia of the 
time. The establishment, by geology, of the antiquity of the earth as 
against the chronology of Archbishop Usshcr and the continuing 
triumphs of physical science could not, in the nature of the case, do 
other than endow the study of science with high prestige. Also, science 
enjoyed <the services of extremely able propagandists: Huxley, 
Tyndall and others ; nor should the work of Herbert Spencer be for- 
gotten. “What knowledge is of most worth?” asked Spencer, “The 
uniform reply is — science.” While science was evidently part of the 
Zeitgeist . as far as intellectuals were concerned, it would be quite 
wrong to infer that England was liberally supplied with scientists, and 
it would be equally wrong to suppose that a knowledge and under- 
standing of science was a prerogative of much more than a relatively 
small section of the population. 

Two memorials on behalf of science degrees were presented to 
London University ; the first on 8th July, 1857 and the second on 12th 
May, 1858 ; both being signed by leading scientists. As a consequence 
of the first petition the University instituted a Committee 2 comprising 
the Chancellor and Vice-Chancellor, Dr Neill Arnott, Mr Brandc, Sir 
James Clark, Dr Faraday, Mr Grote and Mr Walker, and authorised 
theiy to investigate the desirability c£ instituting science degrees. Now 

1 The Athenaeum favoured the change: “Virtue or aptitude do* not reside 
exclusively in the enrolled colleges”, and* “it is the best thing since Brougham”. 
[29] i 

? The first meeting was on 27th April, 1 858. 



the mid-century; 1840-1870 73 

as the creation of an entirely ne$ system of degrees is a very unusual 
event it is, perhaps, worthwhile to give a brief summary of the evi- 
dence of the witnesses in order to bring to light the main ideas then 
currenf as to what should constitute a scientific education. [30] 

JohiuTyndall, jthe first witness, advocated a degree of specialised 
studies not*achieved even today. It should, he thought, be desirable 
to allow students to take a degree in (say) “Heat” with some sub- 
sidiary study, of other branches of physics. To Arnott’s objection that 
you cannot advance far in one department of science without know- 
ing something of others, Tyndall replied that any proposed course 
must be restricted, or specialised, b/ the limited learning capacity of 
the human mind. 

fn advocating highly specialised study, Tyndall was very much in 
the minority. His nearest»si\pporter was Bence Jones, who advocated 
a two-subject degree. Frtmkland, Sir, Charles Lyell, Warren de la Rue 
and Thomas Graham all supported a more liberal syllabus, as did 
Mr Justice Grove, who believed that specialisation is “decidedly 
wrong’’. A. W. Williamson, another “liberal”, wanted provision for 
the “logic of research' 5 in the syllabus, 1 ‘while J. D. Hooker, V.P.R.S. 
and W. A. Miller wanted the history of science included as well. 

A. W. Hofmann also expressed dislike of “one-sidedness”, for 
knowledge of other branches is necessaiy for the further prosecution 
of one particular branch of knowledge ; he therefore favoured a three- 
subject degree. To which Huxley lephed that he did not think that 
Hofmann’s suggestion went far enough for he would allow only col- 
lateral subjects wherea* men should study non -collateral subjects “so 
as to give them a general acquaintance with science”. Huxley’s ideal 
was to inculcate a thorough knowledge of the principles of science to 
be followed by specialisation at M. A. level. More, he had two general 
criticisms to make: firstly, that one of the great evils of the country 
was that science was unrecognised and, secondly, that the besetting 
sin of scientists was that they specialised too much. 

W. B. Carpenter, Registrar of the University, also favoured a 
liberal syllabus and, like Hooker and Miller, would have included the 
history of science; for “it is most valuable for the professional 
scientist”. But the training must be educational rather than profes- 
sional, although Carpenter believed that capitalists and industrialists 
wdte referring more and more to science: “for chemists there is a 
great demand.” Was it true, asked Grote, that at many of the great 
iron-works a scientific chemist was employed? Carpenter f did mot 
know, but he added that Frankland, while at Owen’s College, “was 
continually referred to by manufacturers who had no chemist of their 
own.” 

It appears that we are, here, approaching the dividing line betwedh 
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the old liberal education and the cortting specialised and professional 
o he. The general tendency was to try to reconcile the two. Accor- 
dingly the first London B.Sc. required of candidates a competent 
knowledge of mathematics, physics, chemistry, the biological 
sciences and logic with ethics. Afterwards honours poujd be taken in 
any subject(s) and after that came the D.Sc. degree which, at that 
time, was of approximately M. Sc. f standard, and could be taken 
either by examination or by research. Of course the v/\dt range of 
subjects required for the B.Sc. laid the course open to the charge of 
encouraging “cramming'’ and, to offset this evil, it was decided that 
the degree was to be taken hi two stages ; some subjects were to be 
taken at the First B.Sc. examination and the remainder a year later 
at the Second B.Sc. examination, upon the completion of which the 
candidate was graduated. This division of the degree eventually led to 
an interesting development; the First B.Sc.' later became the Inter- 
mediate examination, the length of time between the two examina- 
tions was gradually increased and the Second B.Sc. became the 
“final” examination. The same regulations were imposed, simul- 
taneously on the B.A. examination. 1 

Dr Carpenter was a little over-optimistic. The “great demand” for 
chemists was, perhaps, rather more in the nature of demands for part- 
time or occasional advice than the offering of salaried, full-time posts 
for professional chemists. Certainly Lord Gianville, the University 
Chancellor, was more cautious. The following year wc find him ex- 
pressing-the hope that the new degree would give a great impetus to 
science and scientific education. For he believed “that science did not 
hold such an estimation in the public mind as to lead to the education 
in science which was so much to be desired”. The development of the 
London B.Sc. was a slow business, but the degree enjoyed great 
prestige in the educational world, where for many years it had no 
serious rival. 


The London Coliiges 

Both University and Kings College had opposed the disaffiliation 
of 1858. in the case of the latter it meant that the college drew even 
further away from the university and very few graduates from King’s 
College appear in the University Calendar from 1858 onwards. 'JJhe 
College established its own (A.K.C.) examination which, it was 
hoped, would achieve recognition as a degree equivalent; unfor- 
tunately the public would not accept it as such. Furthermore the 

1 The Athenaeum approved of the new degrees, commentJYig that the inclusion 
of logic and ethics was “a step ahead of Cambridge” but, at the same time, 
regretted that the history of science had not been included in the syllabus. [31] 
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College was burdened with debfrand, much as the Mechanics 4 Insti- 
tutes had been forced to do, it had to provide the public with wh#t 
they wanted. To this end evening classes were established in the 
I850\s and these, for many years, formed an essential part of the 
College econ^my ; Yet, in spite of all fliese troubles, a very creditable 
standard w^s maintained : for example, in the early sixties the Pro- 
fessor of Natural Philosophy was none other than Clerk Maxwell 
and when he left, in 1 865, his successor was W. Grills Adams, brother 
of J. C. Adams. In fact. King’s College was able to establish, in the 
nineteenth century, a highly respectable tradition in physics and in 
the allied subject of engineering. 

The financial state of Uni\ersiLy c ollege was much healthier than 
was that of King’s. Fxcellent scientific work was also being done at 
that College : in the worths of Sir Henry Roscoc “it was in the heyday 
ofjts usefulness'’. r l he full repeal of (he 'lest Acts was yet to come and 
the College still contrived to keep some shadowy semblance of 
relationship with Londqn University. 

Tin O i dir Unjvi Rsinrs 

The movement for reform of the older Uni\ersities had, by this 
time, gained great momentum. There was a mounting agitation for 
the admission of Dissenters to University degrees; an agitation in 
which many University men honourably engaged, although in 1845, 
Sir Charles Lycll despaired of University refoim * i\e by means of a 
Royal Commission (see his / rax els in North America ). Three years 
later, in 1848, a memorial, signed by a laige number of University 
men and Fellows of the Royal Society, was ■submitted to Lord John 
Russell strongly urging enquiry. 1 

In the event, the government instituted the two Royal Commis- 
sions into the states of Oxfoid and Cambridge Universities. But by 
this time there was a marked stepping up of the tempo of reform 
within the walls. We have seen what Wratislaw thought of the 
dominance of mathematics; iwo years previously, in 1848, he had 
pleaded for a broader syllabus suggesting that before a Tripos course 
be embarked upon, the students should be required to take a general 
course of education to include "a popular knowledge of the history 
of mathematics and of the elements and history of the mixed mathe- 
nfetics and natural sciences”. [JJ] Another reformer, Hugh Wyatt, 
also wondered whether mathematics was not being over-done: “But 
does it follow that the mind's collective powers are invigorate^, its 

1 Among the signatories were: Nassau Senior, Henslt Badcn-Powell, Lycll, 
Erasmus and Chillies Darwin, de Morgan, Babbage, Wheatstone, Thomas 
Graham, Colonel Sabine, Giovc, Sir H de la Beche, W. A. Miller, Sir B C. Brodie 
(Jun.) r P. M. Roeet. Brewster, Edward Forbes, Robert Brown, etc. [ 32 ] 
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general scope extended , by an exclusive devotion to such a course of 
discipline ? , . . 1$ there no fear that the mind , though to a certain ex- 
tent thus quickened, may at the same time become narrowed and its 
general character deteriorated?” He wanted a more extended* less 
narrow form of training, and to this end advocated th^ inclusion of 
the social sciences and the history of science together wjjth modern 
languages. [34\ The author of the Next Step . . . was of a similar 
mind. [35] He was suspicious of the 'concept of discipline: “to say 
that discipline is the object of a place of education, is much the 
same thing as to say that the object of an army is to be drilled.” Like 
the others he wanted a general course of education to precede the 
taking of the Tripos. 

The first major innovations were the Oxford Honours Schools in 
Theology, Law and History and Natural Sciences in 1850. At Cam- 
bridge the Natural Sciences and Moral ’Sciences Triposes were in- 
augurated in 1851 ; these were not, at first, degree examinations, but 
were taken after graduation. For the Natural Sciences Tripos the 
subjects prescribed were anatomy, physiology, chemistry, botany.and 
geology; a curriculum as bread as that required for the London 
degree. 

While it was generally felt, at Cambridge, that the dominance of 
mathematics had, perhaps, been carried too far, [36] the institution 
of these new Triposes did not result in an appreciable liberalisation of 
the Mathematics Tripos; on the contrary, the duration of the exam- 
ination was greatly increased and it was doubled in difficulty (Tod- 
hunter). Paradoxically, however, the Tripos still retained a strongly 
liberal flavour: the Senior Wrangler of 1868 was later to become a 
Judge of Appeal. The .Natural .Sciences Tripos was, in like manner, 
liberal; by no means did it produce the specialised professional 
scientist; for men whose chosen vocations were the Church or the 
law saw nothing incongruous in taking this Tripos. A practice which 
annoyed Dr Booth 1 who, while allowing that the principle of compe- 
titive examination had shown itself eminently capable of extension to 
the masses, complained, with some justice, that Cambridge mathe- 
maticians went into the law or the Church. But for this “folly”, he 
said, their mathematical talent would serve the country. 2 (The first 
generalisation was not allowed to pass unchallenged, for W. Bridges 
Adams, a well known engineer, attacked this thesis in particular a*d 
examinations in general when he alleged that, just as public bodies 
represent the average, so examinations would tend only to induce 
orthodoxy.) [37] 

1 Address at Manchester Mechanics’ Irfstitute, 19th October 1857. 

9 While this was not the fault of C ambridge, Booth’s observation does show 
xgellent judgment. 
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The mid-century was undoubtedly the great period of the Mathe- 
matics Tripos. While the technical details of the syllabus, [ 38 ] etc., 
are outside our present scope, it can be asserted that no single course 
of instruction can, over a comparable period of time, rival the talent, 
even gpniuss thaj ornamented the Trfpos lists between 1830 and 1870. 
The namos of a few Wranglers are sufficient proof of this : George 
Green (1837), G. G. Stokes,(1841), Arthur Cayley (1842), J. C. 
Adams (1803), William Thomson (1845), P. G r Tait (1853), J. C. 
Maxwell and E. J. Routh (1854), R. B. Clifton (1859), Lord Ray- 
leigh (1865). The older critics, could they have foreseen the events to 
come, would have found it hard ts> prove their case against mathe- 
matical education. 

Societies ^nd ihi. Siaii oe Science 

• 

The flood of reform,* described above, did not leave the two major 
scientific organisations unmoved. At the British Association meeting 
at Glasgow in 1855 the Parliamentary Committee presented their 
repo# on “whether any means could be adopted by the government 
or parliament tb it would impiove*thc position of science or its 
cultivators in this country". It was urged that all giuduates should 
know some science (here, Oxford was felt to be an offender), and 
that at least the same should be expected of those who direct the 
affairs of the country. In order to increase the flow of university- 
type trained men, W. R. Grove and William Ti<e, M.P., demanded 
the establishment of State-endowed chairs in London and provincial 
institutions. 

The committee regretted that there were so few inducements for 
young men to study science. I hose *who did, usually cast it aside at 
twenty-one or so (e.g., the Wranglers) to enter the old-established 
professions. Sir Philip Lgerton suggested, and the Committee agreed, 
that it was desirable to establish a Go\ernment Board of Science. 
The final recommendations were given under ten headings and in- 
cluded the further reform of the universities so as to include science 
in the syllabuses for all students, the comprehensive establishment of 
full-time institutions in all the major towns with adequate salaries and 
pensions for the professors thereof, the creation of a Scientific Civil 
Service together with the formation of a State Board of Science to 
<&ntrol the distribution of endowments and funds. 

There was, thought the Committee, a feeling, widespread through- 
out the country, of the importance of science ; but “owing to thf sys- 
tem which prevails in this country, of each successive government 
striving to outvje its predecessors in popularity by the reduction of 
public burdens, there is a temptation sometimes to withhold grants 
whichimay swell the total outlay of departments in which reductions 
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are contemplated”. This, thought the Committee, made the proposed 
Bo?rd necessary. 

Two years later the President and Council of the Royal Society 
presented a memorial to Palmerston on the best ways to promote the 
study of science. Substantially their proposals were mu 9 h the same 
as those of the B.A. ; including such ideas as government# and local 
grants for science teachers, etc. They ajso concurred in the need for a 
Government Board, of Science; suggesting that the President and 
Council of the Royal Society should be recognised, at least tempor- 
arily, as such a body. 

These remarkably far-sighted proposals from the British Associa- 
tion and the Royal Society were backed very enthusiastically by the 
Society of Arts; and an evident sympathiser was revealed when, in 
1859, the Prince Consort could say, in the^ course of his Presidential 
Address to the British Association at Aberdeen, “We may be justified 
in hoping . . . that the Legislature and the State will more and more 
recognise the claims of science to their attention ” 

Ten years later. Professor Leone L evi, the economist, was able to 
show that there had, in fact, occurred a considerable dififusibn of, and 
advance of public interest in, science since the time when Babbage 
wrote his Reflections on the Decline of Science. f.?9] Levi estimated 
that 15 per 10,000 of the population contributed in 1868, either by 
learning or by wealth, to the advancement of science. Making allow- 
ance for duplication, he concluded that there were 45,000 persons en- 
gaged in science in this way — a total which, at first sight, is extremely 
imposing. But when we analyse the figure it becomes a little less im- 
pressive. Thus a large proportion of the 45,000 were members of the 
Royal Agricultural, the Royal Horticultural and other professional 
societies which were not primarily scientific in the proper sense of the 
word. In 1867 the membership of all the societies which dealt with 
mathematics and the physical sciences stood at only 1,520, with a 
gross annual income of £5,380. The membeiship for the biological 
societies, on the other hand, was 17,924 with an annual income of 
£54,614; and for the geographical and archaeological societies the 
corresponding figures were 7,352 and £9,601. Certainly it cannot be 
said that the physical sciences were well patronised or richly endowed. 
For the individual societies the membership figures are: Royal 
Botanical Society, 2,422 ; Royal Zoological Society, 2,923 ; Anthro- 
pological, 1,031; Ethnological, 219; Entomological, 208. Of the 
phyycal science societies, the Royal .Astronomical had 528 piembers; 
the Meteorological, 306 ; while the Chemical Society was the smallest 
of all with a mere 192. There was no physical society. Clearly this 
pattern bore little relationship to the economic and social importance, 
c aotual or potential, of these sciences ; and it is equally evident tjiat thb 
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greater part of that which Le+i classified as science was not only an 
amaieur activity but, in many respects, a dilcttantist one as weH..The 
very important chemical industries were less prominent in the world 
of sdence than were the activities of amateur entomologists and 
orchi{l fanfcier$, But Levi was justified in claiming some progress: 
when Babbage wrote his first book the Chemical Society did not exist. 
And, in spite of his optimisyi, Levi found cause for dissatisfaction* 
with the relationship between science and the gtatc in this country. 

Two years previously Grove, 1 too, had mentioned the obligations 
of the State towards science : “To assert that the great departments of 
government should encourage physical science may appear a truism, 
and yet it is but of late that it has been seriously done ... in a time . . . 
short in the history of a nation, a more definite sphere of usefulness 
for national purposes*will ... be provided for those duly qualified 
men who may be coiftent to give up the more tempting study of ab- 
stract science for that of its practical application.” 1 40] 

•A Chemical Discovery and its Consequences 

In 1856 youiie, W. H. Perkin— he was then only 18 -was working 
under Hofmann’s direction at the Royal College of Chemistry. In the 
course of an unsuccessful attempt to synthesise quinine he discovered 
the first of the aniline dyes, the so-called mauveine. Realising the 
potentialities of the discovery the talented and courageous young 
man left the R.C.C. against Hofmann’s advice, and with his father 
and brother set up as a manufacturer of the new dye af Greenford 
Green. Although none of them had had experience of chemical 
industry, still less of the new, indeed unknown techniques involved, 
they prospered greatly ; after a short time they sold the factory and 
were able to retire as rich men. 

The new discovery was potentially extremely important, fo* , up to 
that date, England had always been dependent on imported dye- 
stuffs. Here was a dye that could be made from one of our most ex- 
tensive and cheapest raw materials -coal. For these reasons the 
aniline dyes occupied a place of honour at the International Exhibi- 
tion of 1862 in London. As the Official Handbook put it: “It is 
impossible to over-estimate the importance of the coal tar dyes to this 
country. From having the sources of the raw material in unlimited' 
quantities under our very feet, we are enabled to compete -most 
favourably with continental nations in this respect, and we shall soon 
become the great colour exporting country instead oS haling, as 
hitherto, to depend on Holland and other coc 'tries tor our supply of 
dye-stuffs.” | *41] 

& Id the course of his Presidential Address to the 1 866 British Association. • 
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England, however, was not the onl? country to take an interest in 
the .aniline dyes. In 1862 the firm of Meister, Lucius established their 
synthetic dye factory at Hochst, between Frankfurt and Wiesbaden 
and, in 1865, the Badische Anilin und Soda Fabrik founded a Works 
at Ludwigshafen (Mannheim). In subsequent years other factories 
were established at Elberfeld, Berlin and elsewhere. Although the 
actual discovery was made by an Englishman, many German chemists 
had worked and were working in that and collateral -fields; for 
example, Runge, Mitscherlich, Hofmann, Lauth, Caro, Griess, to- 
gether with Graebe and Liebermann, who, in 1868, were able to syn- 
thesise alizarine from anthracene ; a discovery which ultimately 
destroyed the French madder industry, and incidentally, had the 
ironic consequence that, in 1914, the characteristic colour of the 
French soldier’s trousers was achieved with Gorman alizarine. 

In view of Prussian educational policy and in the light of these disr 
coveries it was not, perhaps, surprising that the Prussian Govern- 
ment, having decided that the facilities for advanced chemistry were 
inadequate at the Universities of Bonn and Berlin, resolved to erect 
new laboratories. These attracted wide attention all over Europe and 
with reason for, at a time when Owen’s College was still installed in 
Cobden’s old house, these laboratories were built on a palatial scale. 
That at Bonn, for instance, although ostensibly for sixty students, 
could easily accommodate many more; it was equipped with every 
asset for the advancement of chemical science (and even possessed 
some assets that were not : e.g. a ballroom). [42] 

Nor was Germany the only country whichcouldboasta progressive 
scientific and educational policy at that time. For in 1 862 the Federal 
Government of the United States "passed the Land Grant Act where- 
by colleges for “agriculture and mechanics” were endowed by land 
grants. By 1880 there were forty-nine of these colleges as well as many 
other colleges and universities outside the scope of the act. Also 
falling within this period was the foundation of the Massachusetts 
Institute of Technology (1865). 

Summary 

The mid-century was that time during which the beginning of the 
social organisation of science can first be seen. Primarily it took the 
form of the organisation of studies by the reform of the older uni- 
versities in the matter of the inclusion of the progressive sciences in 
the examination syllabuses ; by the foundation of the Government 
School of Science and the Owen’s College ; by the introduction ol 
London science degrees, and by the beginning of State aid to scien- 
tific education through the agency of the Science and Art Department. 
Perhaps the central fact of these reforms was the institution of ex- 
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animations, for these, as Weber noted, are associated with the 
“expert”, with discipline and, ultimately, with professionalism. 

The major defect in the structure was the chaotic state of educa- 
tion; both primary and secondary. 'The public schools and the old 
endowed grammar schools were hardly touched by science. Only 
occasionally iVould a headmaster include science in his syllabus. 
Generally it occupied no place in the school ; at Eton, in the early 
sixties there were 24 classical masters, 8 mathematics masters and 3 to 
teach all other subjects. This meant that youths went up to the uni- 
versities unprepared for science and even if inclined that way would 
be discouraged by the simple fact that there was little prospect of 
being able to make a living as a* scientist ; certainly not at the “old 
school” at any rate. 

In 1862 the British % Association met at Cambridge. Here, Edwin 
Chadwick discovered, there was “gratifying unanimity'’ of opinion 
among educationists that studies should be “narrower and deeper”, 
and to this practice the Cambridge “Locals” tended. Fiuther, the 
roasters of the special schools which had sprung up to tutor youths 
for the new Civil Service and Army examinations were agreed that the 
number of subjects m examinations must be reduced so as to avoid 
“cram”. [43\ 

As a footnote a woid should be said about “cramming”. This un- 
pleasant, but expressive, word seems to have come into general use 
in, or just before the 1 840\ in connexion with the rapidly developing 
university examinations. It is not perhaps, as 'f odhuntcr remarked, a 
word to which any very precise meaning can be attached*, but it may 
be taken to imply the uncritical and mechanical assimilation of facts 
for the purpose of remembering enough to satisfy examination re- 
quirements. Jt was widely felt that when the teacher controlled the 
examination “cramming” would be reduced. 
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CHAPTER V 


TECHNICAL EDUCATION AND OTHER 
MATTERS: 1868-1890 

I t has alread) been suggested that Exhibitions, national or inter- 
national, are not necessarily reliable indices of a nation's technical 
and industrial progress. Indeed, to form a, comprehensive judg- 
ment from an Exhibition would demand near* omniscience. Only,, 
perhaps, in the cases of specific industries can fairly objective con- 
clusions be drawn by competent, specialised experts and even in these 
cases it is difficult to establish whether or not the exhibits are really 
representative; the choicest fruit is not necessarily put in the front of 
the stall. While it was true that foreign countries, aided greatly by 
scientific education, were rapidly making up lost ground and over- 
hauling this country in certain fields, A. W. von Hofmann could 
afterwards say of the British exhibits of chemical industry at the 
Exhibition of 1862 : “l he contributions of the United Kingdom and, 
in particular, the splendid chemical display in the Eastern Annexe 
prove the British not only to have maintained their pre-eminence 
among the chemical manufacturers of the world, but to have out- 
done their own admitted superiority on the corresponding occasion of 
1851.” 

But the years 1856-65 were crucial and, although it is quite incon- 
ceivable that the technical standards of British industry could relapse 
in a mere five yedrs, the great International Exhibition in Paris in 
1867 was widely believed to ha\e revealed a slate of affairs highly dis- 
creditable to this country. As a result there was alarm, near-panic, 
and a movement was set on foot that was, in all respects, more far- 
reaching than any so far discussed --the Technical Instruction piove- 
ment. 

The Paris Exhibition took place in the spring of 1867. Among the < 
British jurors was Lyon Playfair who, as one would expect, lost no 
time in trying to assess the British position and what foreigners 
thoughf’abotot it. On his return he sent a letter to Lord Tauhton of 
the Schools Inquiry Commission, giving his impressionsand the con- 
clusions he had drawn from his contacts with the various experts. [ 1 ] 
PJayfjur claimed that, with few exceptions, foreigners believed that 

84 
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we had made little progress siiye 1862. He found that our engineers 1 
and chemists lamented this and ascribed our failure— if, indeed, that 
was the case — to the' systems of technical education developed in 
European countries for the masters and managers of industry. For 
example, J | B. Dumas, the French t chemist, had told Playfair that 
industrial education had given a great impetus to French industries 
while General Morin asserted that, in his view, the best workers were* 
Austrian; the best managers Vrench, Prussian or Swiss. There was, 
Playfair concluded, an urgent necessity for a governmental inquiry 
into the question how foreign workers were acquiring intellectual 
pre-eminence and how the nations wq,re applying this scientific skill 
to national industries. 

The theme was taken up by Lord Granville and subsequent corre- 
spondents in the columns of The Times . [2] Nor was it neglected by 
the Schools Inquiry Commission who circularised all the British 
jhrors 2 at the Paris Exhibition, asking, for their opinions and com- 
ment. Without exception these men agreed substantially with Play- 
fair, although David Price, Ph.D. urged that scientific instruction was 
not so important for workers as fof manufacturers and managers; 
with which Hwfii> Cole, who was not a juror, concurred. The Schools 
Commission, the Associated Chambers of Commerce of several 
northern industrial cities and that eminent authority Samuel Smiles, 3 
all added their voices to the demand for governmental inquiry. In 
December Edward Baines was asking that the South Kensington Col- 
leges be made into a Technical University, and an important dis- 
cussion was held in the rooms of the Society of Arts when E. A. 
Davidson delivered a lecture on “Scientific and Industrial Educa- 
tion". 

Realising the depth of feeling aroused, the Society of Arts an- 
nounced a conference on the subject, and issued invitations to the 
Mayors of large towns. Presidents of Chambers of Commerce, 
Presidents of Learned and Professional Societies and City Com- 
panies (it was felt that the Guilds could help). University Teachers, 
School and Factory Inspectors and, in short, all concerned in one 
way or another with technical development. 

This Conference, [3] attended by a large number of important 
neoplc, 4 opened on 23rd January, 1 868. '1 he resolutions down for dis- 

1 In fact one engineer, John Scott Russell, latei went so far as to say : “it was not 
that we were equalled, but that we were beaten, not on some points, but by some 
nation or another at ncailv all those points on w hich we had prided ourselves.” 

a Tyndall, James Young, J. Scott Russell, Edward Erankland, V*. WUfinglon 
Smythe and A. J. Mundclla. 

3 In a speech at Huddersfield Mechanics’ Institute, 31st October, 1867. 

4 Among those present wete Lords Granville, Lichfield and Russell, Sir C. W. 
Dilke l Kay-Shuttleworth, Playfair, E. A. Bownng, Henry Cole, Harry Chester 



86 THE ORGANISATION OF SCIENCE IN ENGLAND 

cussion included ones on the need for,improving the status of science 
in universities and middle/upper-class schools, for bringing efficient 
primary and secondary education within the reach of the working 
classes and for founding special, higher technical institutions. Jit was 
also proposed to create a standing committee to investigate further 
and to lobby in Parliament. 

* Lyon Playfair, putting the first resolution, pointed out that the uni- 
versities could do little. The public school boys who went to Oxford 
and Cambridge — only one third of the total — were ignorant of 
science. While wc had the excellent R.C.C. and R.S.ML the great 
mining industries could not supply more than twenty men a year 
capable of benefiting from the courses they provided. Earl Russell, 
seconding, asset ted that at Oxford "there was a very sufficient staff 
but hardly any soldiers" (i.e., science students^. Bernhard Samuelson, 
a wealthy iron master and a great enthusiast lqr technical education, 
wanted the Government to endow a chair of engineering at Owen s 
College. Indeed, while there was general agreement on the desirability 
of government aid, there were even some who wanted the govern- 
ment to lead the people. One of these was Huxley, who believed that 
“you could not look to the people of this country to do anything” 
for their education was sadly neglected and they did not know 
what was good for them! (A startling contrast with Hei bert Spencer’s 
views.) 

These men were, of couise, the "converted” and accordingly they 
advocated a radical reorganisation of the whole educational machin- 
ery of the country in the direction of greater social equality and more 
scientific education. Government aid was sought and it was proposed 
that technical education should be borne as a charge upon the rates. 
To forward their proposals they elected to their standing committee 
R. Bentley (K.C.L.), Grace Calvert, Edwin Chadwick, Harry Chester, 
Robert Hunt, T. H. Huxley, Heeming Jenkin, G. I). Liveing,Thorold 
Rogers and Bernhard Samuelson. 

In July 1868 the sub-committee of the Society of Arts, now aug- 
mented to include the Archbishop of York, Archer Hirst, Leone 
Levi, Augustus Voelckcr (Chemist to the Royal Agricultural 
Society), J. Scott Russell, David Price and others, presented their 
report. [4] This document commenced by offering a definition of 
technical instruction as: "general instruction in those sciences, the 
principles of which are applicable to the various employments o? 
life” (this was nothing if not comprehensive!). 

Th&y dii not favour polytechnics 6n the German pattefn. Rather 

Colonel Strange, Capt. Donnelly, CirylK Atlams, T. W. Goode' e, Grace Calvert* 
Huxley, Livcing, Heeming Jenkin, W. J. M. Rankme, Thorold Rogers, Bartholo- 
ijnevjPrice, Michael Foster and many others. 



TECHNICAL EDUCATION: 1868-1890 87 

they advocated the foundation^ new, liberal colleges in the style of 
Owen’s, U.Gl.» K.C.L., with new schools to give adequate pre- 
paratory training. Such colleges should be endowed, for experience 
showed that no educational institution of the highest rank is really 
self-supporting. % The higher scientific education must be tested by 
approved examinations, and those who believe in it “must prove their 
faith by giving practical valued the certificates obtained by students. 
This can only be done by the employers of labour who must, at first, 
act on faith alone. Hitherto no class of young Englishmen trained in the 
manner proposed , has existed . In order to induce rising students to 
' follow this methodical training they rmist see that the few who take 
that course do find employment more readily than those who do not. 
The employers of scientific labour can give an enormous impulse to 
scientific tiaining by showing a real preference for young men 
who have passed through the courses of study recommended”. 
A*s the biggest employer of all, the State must give a lead in this 
matter. 

£lor were the middle/uppcr-class schools forgotten. Science must 
be included in the syllabuses and education prolonged, for prefer- 
ence, up to the age of 18. As for artisans, little can be done at the 
moment because of the defectiveness of primary education. Indeed, 
technical schools, if created, may well fail lor lack of prior discipline. 
They agreed with Matthew Arnold that, in this respect, it was not so 
much technical instruction as general intelligence that was lacking. 
The primary need heie is, then, general education for the prtisan; a 
thing which we may achieve if the recommendations of the Schools 
Inquiry Commission are acted upon. 

Specifically the government can aid by improving secondary edu- 
cation and forming new science schools; by collaborating with the 
colleges and universities in establishing diploma examination-* for 
scientific and technical subjects such as engineering, metallurgy, 
mining, naval architecture, chemistry, agriculture, etc. ; by giving real 
value to such diplomas; by endowing and otherwise aiding edu- 
cational establishments and by improving primary education. The 
colleges could collaborate in this by increasing the numbers of 
fellowships, etc. and the leading firms by endowing university scholar- 
ships (a remarkable anticipation of modern practice) and by rccog- 
njging the diplomas. 

One industrialist, at least, had already given a lead, for Joseph 
Whitworth had written to the Science and Art Department C^8th 
March, 1868), offering to endow 30 scholarship* at £100 per annum 
for three years. These were most .gratefully accepted, and Whitworth 
followed up with an offer of 60 preliminary exhibitions at £25 per 
annum. On 4th May he wrote.to Henry Cole suggesting the creation 
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of a faculty of engineering with government-endowed chairs in that 
subject. 1 

In the following year, in May 1869, the Society of Arts went to the 
extent of petitioning Parliament on the defective state of secondary 
education. This, they observed, necessarily obstructed th* 1 progress of 
technical education. At a meeting at Manchester in the r following 
December, Edwin Chadwick called fqr an end to ‘‘Rule of Thumb- 
ism” and referred to the Ecole Centrale dcs Arts et Metiers as the 
“great Owen’s College of France”. 

The government had acted with some promptitude when the 
storm, 2 * unleashed by Playfair's fetter, broke. They instructed am- 
bassadors and consuls abroad to report on technical education in the 
various countries, [5] as the Schools Commission had recommended 
that they should, and on the 24th March, 1868, they ordered a 
Parliamentary Select Committee under the capable chairmanship of 
Bernhard Samuelson to investigate the whole question. [6] 

This Committee, in its report, declared that a “hindrance seconc 
only to that of the defective elementary education of the pupils is the 
scarcity of science teachers , a*.id the want of schools for training 
them”. The education of the smaller manufacturers and managers 
was usually defective, for this particular group had either risen frorr 
the ranks of the workers or had sutfered middle-class education. The 
larger manufacturers and managers of the major enterprises hac 
usually had better secondary schooling; sometimes with the addec 
advantage, although this was rare, of continuation education at one 
of the liberal science colleges. The older universities, it was felt, die 
not induce those habits necessary for a successful career in industry, 1 
and, as only four of-the public schools taught some science, it was 
their general impression that the urgent necessity for scientific educa- 
tion was not realised in this country. Their recommendations were 
more or less, in line with those of the Society of Arts Committee 
announced some six months previously better secondary education 
aid for advanced colleges of science and good elementary instructioi 
for the working classes. As for working-class technical schools, the 
Committee could commend only one — the Bristol Trade School 
founded by Canon Moseley. 4 

1 The examinations for the exhibitions included written papers in mathematics 
mechanics, physics and chemistry (including metallurgy) together with practice 
tests in turning, fitting, filing, pattern-making, etc. Of these exhibitions Whit 
worth directed that eight should go to Owen’s, three each to Oxford, Cambridge 
and London Universities and one each <o Durham, Dublin, Edinburgh ant 
Glasgow universities as well as to individual colleges such as U.C.L., K.C.L. 
etc. 

* That is not too strong a word. 

* Sec below, p. 190. 

J See above, p. 36. 
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By this time even Henry Cfcle had been brought to believe that 
efficient technical education could not be achieved without govern- 
ment aid. Perhaps, from his position as a head of the Science and Art 
Department he could hardly avoid reaching this conclusion. For he 
told the Ccfrnm^ttee that recently thi* War Office had allowed officers 
of the'Rcjyal Engineers, stationed in various localities, to supervise 
the Department's examinations and to inspect the Science Schools. * 
The reasoij for this innovation was that “you % could hardly find a 
numerous corps of scientific inspectors, at present , except in that par- 
ticular body \ 1 In other words there were virtually no professional 
scientists in England at that timc.^Ju^t how few professionals there 
were can be inferred fiom the very small number of R.E. Officers 
required : in 1879, 39 officers were employed in school inspection and 
58, ranging from a Maior General to Lieutenants, in supervising the 
examinations. The practice of employing R.L.s as school inspectors 
continued up to the nineties when, at kfcl, it became possible to dis- 
pense with their services. 

Captain Donnelly, R.h., of the Department, believed that the slow 
growth of the School of Mines was due to defective primary educa- 
tion. Playfair, now Professor of Chemistry at Edinburgh, maintained 
that before extended scientific education, so very desirable, was pos- 
sible, the educational system of the counti y would have to be reorgan- 
ised. Secondary education should be made available to the working 
class and from such schools thcie should be adequate scholarship 
ladders to the liberal science colleges. The measure of ina4equacy of 
the educational system was given by Denham Reeks when he showed 
that the number of niatiiculants at the School of Mines the previous 
year was only eighteen. Generally this small school was not full and 
this Recks ascribed to public indifference to science. On the other 
hand, Flceming Jenkin reminded the Committee that Zurich Poly- 
technic enjoyed a State subsidy of £10,000 a year and po^essed 
laboratories superior to an) that England could show. We could not, 
added Jenkin, do the same, for the education of our young men was 
too backward to permit them to profit from such courses; therefore 
the prime need was impioved secondary education. The universities 
could well supply the teachers that the new schools would require. 
Until that happened, scientific instruction, Jenkin thought, could not 
Ijf improved upon. 

Another witness who took a refieshingly liberal standpoint was 
Henry Enfield Roscoe, the able jind energetic Professor of Chemistry 
at Owen’s College. Roscoe believed : “I do not think v e ought to gi' e 

1 Or, as a report of the Board of Education put it, some fifty years later, the 
officers of the Royal Engineers “in the early days of the Department were one of 
the few*bodies of men in the county with an organised scientific training”. [7]» 
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scientific education to any particular Hass of people as a class. , It 
should be open and available for all. The primary function of the 
universities, he thought, was the training of teachers : “I think at the 
present time that it is the great work which we, in the science depart- 
ment of the College (Owen’s) have to do ; and I thin£ that that alone 
t would be a return for the endowment of such college^" for the 
present he feared that, not only were tbe German universities materi- 
ally far better equipped than ours, with greatly superior laboratories, 
but they were also, to a much greater extent than ours, permeated 
with “a love of science and knowledge for its own sake". Nonethe- 
less Roscoc was over-modest; ljis own laboratories were rapidly 
gaining in prestige and he already had o\er a hundred students in 
them. 

Edward Frankland, of the Royal College *>f Chemistry, informed 
the Committee that many chemistry students- had to wait two, and 
sometimes three years befofe they could find suitable employment. 
Germany and Switzerland had relatively many more teachers than 
we had : at Zurich Polytechnic there were 60 professors and lecturers, 
at Karlsruhe 47, Dresden 23, Kanover 24 and Vienna 57,*Compared 
with 12 at the South Kensington College and 17 at Owen’s (all 
Departments). (The Zurich Polytechnic was, by this time, exciting 
great admiration among the progressives. A writer, in the Journal of 
the Society of Arts, a few years later called attention to . . the ex- 
cellent organisation and general thoroughness of this great school. 

This country can boast of no analogous institution at present The 

effort most heroically made by King's College to establish a Poly- 
technic School in London, has, in spite of the great energy exhibited, 
proved only a partial Success.") £#] 

Dr W. B. Carpenter provided the information that the London 
science degrees had not yet proved a great success ; perhaps the re- 
quirement of Greek at matriculation discouraged such students as 
those who attended the South Kensington Colleges from attempting 
the course. But the D.Sc. degree which, as Carpenter put it, . . 
would be sought rather by those who desired to become teachers", 
was, understandably, even more of a disappointment. One witness, 
J. F. Iselin of the Department of Science and Art, estimated that few 
‘‘science" teachers had, as yet, had a special training ; and only five or 
six had achieved a London degree. Conspicuous among the latter was 
Dr Bithell (D.Sc.), who was in business in the City and taught part- 
time^n a Hackney school. More appropriately, Dr W. M.* Watts was 
science master at the Manchester Grammar School. 

The industrial and commercial witnesses were also united in de- 
manding better education and science schools; and they, too, 
generally concurred in the need for State aid. On this there was almost 
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complete unanimity and even^hose, like John Platt, who felt that 
Playfair had greatly exaggerated the situation, saw that it would, be 
fatal to stand still, and that rapid developments were required if we 
were to hold our place in a world beginning to be highly competitive. 
Making duS allowance for pardonable overstatement, it is easy to see 
the point when A. J. Mundella could say, “I do not think we have a 
single dyer in our immediate Neighbourhood who is a good chemist.” 
(Cf. Thomas Barnes). Or as James Kitson (a Leeds ironmaster) re- 
marked, "‘I do not know a single manager of ironworks in Yorkshire 
who understands the simple elements of chemistry.” 

Thtf government had, just prior tp tile ordering of the Committee, 
considered the formation of a Central University of Science, using the 
R.S.M., the R.C.C. and the Royal School of Naval Architecture (now 
Greenwich Naval CoIlogc\as nuclei. In addition, according to Lord 
Rpbert Montague, the Government had been prepared to aid uni- 
versity science courses and also to establish provincial colleges on the 
lines of the Royal College of Science in Dublin, if local interests 
wo-ul^take part. Chairs were to be endowed and scholarships awarded 
to a total value £25,000 per year. The proposed university course 
was to be of three years’ duration; the first and second years being 
devoted to pure science and the third to industrial technology; speci- 
fically the School of Mines was to be the third-year mining college. 
The Duke of Marlborough, Lord President of the Council, agreed 
with the plan, and a minute was prepared, however it was not passed, 
for money was short. 

But the idea of a Technical University was not allowed to rest there. 
A movement to promote the institution was founded in July 1870, 
and, in the December of that year, a'Geneial Committee was formed 
with the Lord Mayor presiding. In the following June, meetirgs were 
held to support the claims for a university (Loid Shaftesbui> was a 
leading figure), and a few months later another meeting was held at 
which Sir Antonio Brady presided. What followed this, the second 
attempt to found a University of Technology must be deferred to a 
later page. 

In the meanwhile the author of the upset, Lyon Playfair, was con- 
tinuing his proselytising efforts. In 1870 he was lecturing in Edin- 
burgh on technical education ; pointing out that we were now prac- 
tically last in European education, praising the Zurich Polytechnic 
and laying down that the gap between science and practice must be 
bridged by men having technica^knowledgc and special aptitudqp. As 
for working-class technical education, this verv liberal man was de- 
bouncing the ic^ea that sufficicnUknowledgc to do his job was quite 
enougji for the artisan. [ 9 ] Later that year he delivered an address 1 a* 

1 “Inosculation»of the Arts and Sciences.” 
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the Birmingham and Midlands Institute on his election as President 
in succession to Charles Dickens. On this occasion, too, he called 
attention to the gap between science and practice and the need for 
filling it. It was, in fact the need for true applied science that Playfair 
was so strongly urging. 

The Devonshire Commission 

Colonel Alexander Strange was one of that group of officers of the 
Royal Engineers and the Royal Artillery who, over the course of the 
nineteenth century, rendered such notable services, direct and in- 
direct, to the advancement of science. Born in 1818, the fourth 4*on of 
Sir Thomas Strange, he went from Harrow into the Indian Army, 
where he was engaged in survey work, particularly in connexion with 
the great Indian Trigonometrical Survpy.*>Of marked scientific 
ability, he found time to contribute papers to the Royal Society (of 
which he was a bellow), the Royal Astronomical Society, the British 
Association and the Meteorological Society. On his return to England 
in 1861 he was elected to the Council of the Royal Society, Jo the 
Council of the Society of Arts/and served as a juror at tfie Exhibi-' 
tions of 1 862 and 1 867. 

It is clear from his public speeches and writings that Strange was 
gifted with the elliciency of the good soldier, the imagination of the 
good scientist and the intelligence of both. It was natural, therefore, 
that when, on his return to England, he discovered that there were 
virtually no facilities for scientific research m this country he should 
proceed to do something about it. The circumstances were favourable 
for, as we have seen, Technical Education was attracting great atten- 
tion at about this time. But it shtfuld not be thought that Strange was 
merely following the lead of others in this matter; rather, in fact, the 
contrary. He was not, as were many of the supporters of technical 
education, an industrialist, an economist or a social thinker, he was 
to a much greater extent a pure natural scientist with revolutionary 
ideas as to the role of science in society, and the duties of society 
towards science. 

The first step was taken at the British Association meeting at Nor- 
wich in 1868. Strange had previously discussed his ideas with R. J. 
Mann, M.D., who advised him to read a paper on the subject. The 
paper, read to the Mathematics and Physics Section had the title, 
“On the Necessity for State Intervention to secure the Progress of 
Physical Science,” [10] and the thesh, a startling one in an age when 
many still hankered after unrestricted individualism, was that the 
State alone could adequately support the advance of science. Strange 
advocated the foundation of a chain of research institutions; for 
* private scientific enterprise, great as it was in England, did not meet 
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the need; moreover, it was hisl opinion that “the tendency of pro- 
gressive civilisation is to supersede individual efforts”. Whatever 
social heresies this paper contained, it made a great impression on the 
Association, for a Committee 1 was at once appointed to investigate 
further, and specifically to report oji the questions: (1) Does there 
exist ill the United Kingdom sufficient provision for the prosecution 
of physical research? and (2)*If not, what additional provisions are 
needed, and how can they he secured? 

In the following year the Committee, now expanded to include 
Alfred Tennyson, F.R.S., (Lord Tennyson), Lyon Playfair and J. 
Norman I ockycr, presented their report. [//] They had found that 
men of science did not believe that fhere were adequate provisions for 
the vigorous prosecution of physical research. But they also said that 
any scheme for scicna; should be based on a full knowledge of the 
facts and that they did nof ha\e, nor did they see how they could ob- 
tain it. Therefore they recommended Unit the full influence of the 
Association be brought to bear to secure a Royal Commission to 
consider : 

(ij^Thd character and value of existing institutions and facilities 
for 9 scicnlific research, and the amount of time and money devoted 
thereto. 

(2) What changes are desirable in the means and facilities that are 
at present available? 

(3) In what manner can these changes be best accomplished? 

These proposals were vsubmitted to the Council, but in»thc mean- 
while another question had been raised by A. W. Williamson and W. 
H. Miller. This was: had the government been impartial in its aid to 
higher scientific education? Had their action been such as to utilise 
and develop the country's resources for the free development of 
scientific education? So there were now two quite separate questions 
before the Council: one relating to research (Strange) and one to 
education (Williamson and Miller). The Council thereupon ap- 
pointed a sub-committee and submitted both questions to their fur- 
ther consideration. Their final report was accepted by the Council and 
it was requested that the Lord President receive the Council as a 
Deputation. This was agreed to and on 4lh February, 1870, they were 
received by Earl de Grey. 

Two months later a meeting was held at the Society of Arts, Lord 
Henry Lennox in the Chair, when Strange read a paper on th< 

1 Members were: Strange, Kelvin, Tyndall, Frankland, Stcnhbusc, Mann 
Huggins, GJaisher, A. W. Williamson, Stokes, F\ Jt sin, A. Hirst, Huxley an< 
Balfour Stewart# (Kelvin, was at thift time. Sir William Thomson. It is simple 
(and avoids ambiguity) however, to refer to him as “Kelvin”. There have beei 
manyThom(p)sons. There has been only one Kelvin.) 
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“Relation of the State to Science”.*;^] Strange pointed out that 
whereas various sums of money were disbursed by the State on such 
scientific institutions as the British Museum, the Botanical Gardens, 
the Surveys, the Science and Art Department, as well as foi specific 
projects such as investigations ip armour-plating and explosives, all 
this was done without system and method. Some branches were 
liberally, others quite inadequately subsidised. Surely there was need 
for efficient organisation? Strange was speaking to a very sympa- 
thetic audience ; so that when Mann put the Resolution 1 it was passed 
unanimously. 

In the following year Strange put forward his ideas in some detail 
in a paper icad to the Royal United Services Insitulion. [7J] There 
were, he asserted, a number of questions of national importance 
which, in the nature of their cases, demanded scientific treatment. 
Specifically these were: defence, sewage, ventilation, public hygiene, 
meteorology, telegraphy, astronomy and surveys. All these are im- 
mensely important and require a Science Council for their proper 
administration. The function of the Council should be advisory, bpt 
it should also administer research grants and, where appropriate, 
conduct experiments. The composition of the Council would include 
the Presidents of the learned Societies together wilh military and 
naval representatives and elected scientists. Over all there should be 
a Minister of Science. 

Strange was again active at the British Association meeting at 
Edinburgh that year. He reiterated his views in a paper entitled “On 
Government Action in Science", [14] and, this time, Kelvin, in his 
Presidential Address referred to the matter. The British Government, 
said Kelvin, fatally neglects the advancement of research. In this it 
compares most unfavourably with, for example, Germany, where 
well-equipped laboratories are available for the scientist. 

Before going on to consider the Royal Commission which issued 
out of this agitation, it is as well to pay tribute to Strange’s intelligent 
appraisal of the situation. He saw very clearly what relatively very few 
indeed saw at that time : the possibilities of, and the necessity for, true 
applied science. Perhaps only Playfair had seen this before, and as 
clearly as Strange did. Moreover, having envisaged the possibilities of 
development, Strange bent all his energies to realising his objectives 
and it is a testimony to his judgment that practically everything he 
called for has, today, been realised; together with many things, of 
course, that he could not possiblv have foreseen. Unfortunately 

1 That “. . . this conference desires emphatically to affirm the conclusion of the 
British Association that a Royal Commissi6n to inquire into the relations of the 
State to science is very desirable and to recommend that the scope of the inquiry 
he made as wide as is possible". 
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Strartge did not live long enodgh to see his ideas adopted ; he died 
prematurely i nf 1 876 at the age of 58. 

The Royal Commission of 1872, the famous “Devonshire” 1 Com- 
jrtissiqp, ’which was instituted in response to Colonel Strange’s move- 
ment, was,* in many respects, the njost satisfactory of ail the State 
inquiries into science over the period in question. [75] Keeping 
strictly to*its terms of reference and limiting itself to a field of man- 
ageable proportions it was able to throw light on the state of con- 
temporary science and, at the same time, to propose remedies which, 
had they been implemented, would have greatly benefitted the subse- 
quentdevelopmcnt of this country. t 

Considering the evidence from t)xford and Cambridge jointly, it 
appears that whereas many undergraduates took science as part of a 
liberal education, theJHonours Schools at both Universities had 
proved disappointing. At Oxford, for example, the Honours School 
iif Modern History had grown four times as rapidly as the Natural 
Sciences School (evidence of Jowett). The Cambridge Proicssor of 
Anatomy (G. M. Humphry) was disappointed with the results of the 
Natural Sciences Tripos which averaged about twelve candidates a 
year, and many ot ihese were medical students. There were, said 
Humphry, not enough “prospects” for the pure scientist, a view en- 
dorsed by the Rev. W. Cookson of Peterhousc and the Rev. Henry 
Latham of 'Irinity Hall. A remedy for this was suggested by Jowett 
who was inclined to think that the only way to encourage science 
would be to “attach” it to some profession, and he specificallyHrr** 
stanced medicine and engineering. Not that there was any'advocacy 
of specialised education ; on the contrary, among those who expressly 
repudiated specialisation were Kelyin, Adams, R. B. Clifton, Bar- 
tholomew Price, Sir B. C. Brodie, Jowett and G. M. Humphry, while 
Huxley commented, from the “bench”, that v award a degree for 
proficiency in one subject would be to make a Technical College of 
the University. 

The evidence of the university men shows that although science 
was slowly becoming professional this was almost entirely due to the 
demand for teachers which was slowly beginning to be felt. 2 Indeed, 
it seems that the universities were badly served at both ends for the 
schools still did not provide proper scientific training and, by corollary, 
there were far too few vocational opportunities on leaving the 
iTmversity. Latham's solution for the second difficulty was that the 

1 Under the Chairmanship of the Dyke of Devonshire (who, at Cambridqp, had 
been Second Wrangler and Smith’s Prizeman), the members o r the ^ommissirn 
included T. H. Huxley, G. G. Stokes, H. J. S Smith, J <ayc-Shuttleworth, Lord 
Lansdownc, B. Samuelson, Wm. Sharpy, W. A. Miller and Sir John Lubbock. J. 
Norman Lockyer was Secretary. 

* Evfcence of Clifton, Price, Rollcston, Challis, Cookson and Latham. 
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government shduld establish State tefihmcal colleges as m Germany 
—where, he remarked, science was a profession which offered a very 
adequate livelihood. (This proposal was, it will be remembered, much 
the same as those of Playfair and Hole some twenty-one years before ) 
An institution providing instruction in applied, professional 
science was, of course, the Royal College of Chemistry, but, as we 
have seen, the number of matriculants yas small In fact, the total of 
students was fairly constant between 1845 6 (when it was 49) and 
1869 70 (when it was 41) An increase in the length ot the couise 
upon nationalisation in 1851 had tended to reduce the a\ erage In 
spite of this the C ollege had done some excellent work, 140 pipers 
had been published in scientific pci lodicals and the names of the 
workers arc amongst the most distinguished ot the time Hofmann, 
de la Rue, Nicholson, Crookes, Grahanj, Perkin, Fiankland, 
Lockyei, Odlmg and Abel 1 rank land pioduccd some details of 
former students showing their disti ibution 

It on and C hemical 

teachers Pharmacists Mines Bun in % Govt India Industty 

38 38 25 ' 27 18 29 106 

Some brewers, said Fiankland, even emplo>ed two chemists 

But, in F rankland’s opinion, we were veiy much behind trance 
and Germany In 1866 in Gciminy 777 papcis were published by 445 
authors (1 75 papers per authoi), in France 245 papers by 170 authors 
Ol *4+ papers per authoi) and in Britain 127 papers by 97 authois (l 31 
papers per author) —and many of the last were b> Germans resident 
in Fngland (eg, Griess, Hofmann) Not only wcie thcie more 
scientists in Fiance and Germany but they were more productive, foi 
our backwardness Frankland blamed the non-recognition of original 
research by the universities and the absence ot State laboratories and 
Slate support in this country 

Although there was, therefore, some small development m 
chemistry and a slight demand loi technical chemists, theic was no 
demand for physicists, apart fiom a very rcstuctcd opening in the 
telegiaph services and, of course, as teachers 

The only State support for “middle-class” science was the giant of 
£1,700 to the examiners of I ondon University (compared with 
£7,000 paid to the Scottish universities) In spite of this the number 9 f 
science students at University College, l ondon was almost equal to 
the totals for Oxford and Cambndge i combined, and Owen’s College 
had moieSciencc students than cither University Also interesting is 
the distribution ol Oxford and Cambridge F ellowships at the former 
University there were 9 natural science l ellowships out of a total of 
65,, at the latter, 3 out of 105 
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As the “guest of honour”, s4apge was given a full" opportunity to 
present his views. Explicitly he proposed the establishment of State 
science laboratories in (a) astrophysics, (b) geophysics, (c) physics, 
(d) metallurgy, (e) chemistry and (/) physiology. He suggested the 
extension oT th$ Natural History Collection ; the establishment of a 
Science N^useum and State endowment of the Universities. All this 
was necessary for we cannot* foretell what branch of science, now 
unproductive, may not lead to untold wealth. (At that time more 
money was spent in England on the Natural History Collections than 
on all other branches of science put together.) 

These proposals were generally j^eceA/ed with favour by the scien- 
tists (Joule, Kelvin, Fraukland, Balfour Stewart, Spottiswoodc, 
Hooker, Burden Saunderson, Williamson, de la Rue). Kelvin in 
particular approved ve$y strongly ; suggesting that the disaster of the 
capsizing of H.M.S. Captain would not have occurred had the 
Admiralty been able to refer the design of this unorthodox vessel to a 
proper research laboratory. 

To summarise as brielly as possible the findings of this admirable 
Comrfiisston : thev took the view thal education in science at the uni- 
versities should not be specialised; that some literary culture was 
desirable, and also of course some science should be taught to the 
classicists Ord Report). They demanded the radical reform of 
secondary education (6lh Report), and they dealt exhaustively with 
the question of the State endowment of science. On the latter 

. . the whole scientific world of England contributed its T {TORTT* 
and their repoit (the 8th) was substantially a vindication of Strange’s 
proposals: they asked lor State laboratories, for increased research 
grants for private scientists, and they recommended a Ministry of 
Science and Education with a Council of Science to assist it. 

Henry Cole, it lias been observed, had alteady abandoned the 
individualism he had professed in 1851. By the time of the De\onshire 
Commission he had gone so far as to write to the Economist (21st 
November, 1874) advocating a fixed government policy of investing 
national surpluses in science and art; “Mr Disraeli, the Marquis of 
Salisbury, Lord Dei by, and Sir Stafford Northcotc have expressed 
their conviction that the progress of industry depends on the culti- 
vation of science and art, and 1 hope they will act boldly now that 
tfiey have the power to do so”. 

And yet, in spite of this widespread conviction that the State should 
endow science, it cannot be sajd that the politicians measured up to 
the occasion. Very few of the recommendations of the Devonshire 
Commission \verc implemented for example the Royal Society 
Grant was raised to £4,000 a year and the South Kensington Col- 
leges were, to some extent, improved. But generally laisser-faire <jon-» 
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tinued in the matter of science. The British Association approached 
the Government with the request that the State take over the very 
valuable tidal observations which they had been making since 1867. 
They met with a blunt refusal (1872). To understand some of the 
nature of the opposition to endowed science in those days, consider 
what happened when, in 1869, [16] a Deputation (whiclj included 
Lyon Playfair) of the Scottish Meteorological Society waited on 
Lowe (Chancellor of the Exchequer) with the request to b? allowed a 
grant to enable them to continue their observations. Lowe, the im- 
placable utilitarian, read them a most severe lecture on self help : “I 
am in principle opposed to airUhc ^grants and it is my intention not to 
entertain an> applications of this nature. We are called upon for 
economy. ... I hold it as our duty not to spend public money to do 
that which people can do for themselves.” 

The grant asked for was £300 a year. 

Thf City and Guilds Movemfnt 

The Society of Arts had withdrawn science subjects from their ex- 
amination papers in 1870 when k became clear that these Were 'over- 
lapping the Department of Science and Art examinations. The 
Society could not hope to compete with the Department, nor was it 
desirable that they should attempt to. The Department, running the 
pay-by-results system was disbursing £40,000 to £50,000 a year on 
examinations, while the Society could afford only £600 to £700. But 
cM‘uie'\vithdrawal of the science papers the examinations lost much 
Of their purpose and so, in 1871, it was decided to terminate them 
altogether in the following year. At this stage Donnelly suggested 
that the Society could*continue i*s good work by instituting exam- 
inations in technology ; the papers being designed specially to supple- 
ment the “pure” science papers set by the Department. In this work, 
it was suggested, the City Livery Companies could well collabor- 
ate. [17] 

There was a general feeling throughout most of the nineteenth 
century that trades or technologies were not proper subjects for in- 
struction ; only the relevant sciences should be taught. In later years 
Sir Philip Magnus ascribed this, in so far as it was the official policy 
of the Department, to the belief that, to teach trades would violate 
the principle of free-trade, by putting, in effect, a State bonus on th? 
industry in question. [18] While this is true, it is not the only explana- 
tion for the attempt to confine education to pure science; there was 
also a^irm^and surely reasonable, belief which goes back to the very 
beginnings of the Mechanics’ Institutes movement, that trades and 
skills are best learned— indeed, can only be learned— in the work- 
shops. There was also the fear of some employers, who felt that they 



TECHNICAL education: 1868-1890 99 

had trade secrets to lose, that technological education would create a 
class of industrial spies, However, this was a case in which it was not 
possible to make fine distinctions. At what point a technology ceases* 
to be a technology and becomes a pure science is not very easy to dis- 
cover. We dannpt, therefore, accuse {he Department of inconsistency 
when we §nd that, at a later date, they had so far departed from the 
strict syllabus of 1859 1 as to Include machine construction, building, 
agriculture mining, navigation, etc. 

To revert to the activities of the Society of Arts. Donnelly’s 
imaginative suggestion was approved and, a month or two later, an 
exploratory Committee, including^ W./H. Perkin, Chadwick, de la 
Rue, Douglas Gallon, Whitworth and others, [79] was appointed. In 
the following July a conference was called [20] (an important occasion, 
for Prince Arthur took the Chair, the Lord Chancellor attended and all 
the leaders of the movement: Playfair, Chadwick, Huxley, etc., were 
present). Donnelly’s scheme was appro\ed and so were proposals 
that the City Livery Companies should take some part. Prom this 
time onwards it was increasingly felt that the very wealthy Guilds 
should justify themselves. It was remembered that one of the original 
purposes of these foundations had been the instruction of the ap- 
prentice in his craft; it was known that their idle funds were more 
than sufficient to enable great improvements in technical training. 
The obligation was clear and certainly the Guilds made no attempt to 
evade it ; for, on the 21 st July, 1 873, the Prince of Wales himself con- 
ferred with their representatives at Marlboiough House; the subjCtf^ 
being how could the Companies best aid technical education? 

In 1873 Donnelly advised Sir Sidney Waterlow, the Lord Mayor, 
that in view of the vast network of examination classes run by the 
Department the best aid the Companies could give would be to 
endow scholarships and bursaries at provincial institutions, like the 
now liberal science colleges which were being founded at that time, 
and to assist in the establishment of chairs and laboratories. 

These recommendations were carried out; but, at the same time, 
the idea of the Technical University was kept in mind. On 28th 
October, 1873, a conference of the City Companies agreed to a pro- 
posal to build a teaching institute in the City and, for this purpose 
some £10,000 was laid out. For a few years the matter rested, and 
tjien, in 1877, it was officially announced that a City and Guilds 
Industrial University was contemplated. The building was to be be- 
tween the Temple and Blackfrjars and the University was to have 
affiliated provincial colleges united by a svstem < f tedhnofogical 
examinations, similar to the proposed Industrial University of Booth, 
Reidj Playfair* etc. of some twenty-five years previously. On 14th 
4 Mathematics, physics* chemistry, geology, natural history. 
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March, Donn&ly wrote a comprehensive letter to Waterlow' pro- 
posing an escalator system of scholarships from the provincial insti- 
tutions to the University. He recommended that science, pure and 
applied, comprise the main subjects, although later it would d>e ap- 
propriate to include the social , sciences and modern languages. He 
insisted on a good staff, good buildings and good laboratories and he 
maintained that laboratory teaching was quite indispensible. 

In the summer of 1874 came the detailed report of th$ examining 
committee which the Guilds had instituted under the Chairmanship 
of Lord Selbourne. This recommended that some £20,000 be spent as 
from the following January,** one half being reserved for the new 
Institute and the remainder for scholarships and for aid to the exist- 
ing London institutions and the provincial colleges, rhey also drew 
up a constitution for the proposed Citv and Guilds of London Insti- 
tute. 

The City and Guilds Institute was formally inaugurated at a meet- 
ing at Mercers’ Hall on lltli November, 1878; the Prince of Wales 
was President and the three Vice-Presidents were Lord Selbourne, Sir 
Frederick Bramwell and Sir Sidney Waterlow. In 1879 the Institute 
took over the Technological examinations of the Society of Arts and 
introduced a system of payment-by-results. This had a startling effect 
on the number of candidates offering themselves : in 1 879, the year of 
transfer, there were only 202 ; by 1883 there were 2,397 and bv 1888, 
6,166. 

"’^rtfufiunately the proposals for the new buildings were not pro- 
ceeding as fast as some had hoped. It had been known that the Com- 
missioners of 1851 had been considering a plan of their own for a 
Technical University -and had proposed to spend £100,000 on a 
building at South Kensington if the Treasury would undertake to 
maintain the College. This the government would not do; so it be- 
came known, unofficially, that the project had fallen through. At this 
point the Guilds stepped in and offered to build and maintain the 
College if the Commissioners would provide (he land. Unfortunately 
this started wrangles among the Guilds, for it was pointed out that by 
no stretch of the imagination could South Kensington be considered 
the “City” and, after all, a City Institution should be, ex hypothesi , in 
the City. 

On 5th December, 1879, T. H. Huxley took the chair for a lecture 
given by the brilliant teacher and writer Silvanus P. Thompson at the 
Society of Arts. The subject was “Apprenticeship : Scientific and Un- 
scientific”*' Thompson expressed some very emphatic vidws. There 
was only one good trade school nj. the country; that founded by 
Canon Moseley. We had no great technical colleges to compare with 
those of France and Germany and so vye had no scientific managers 
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or employers ; and, he continued “There is no question whatever but 
that the persistent neglect of technical education in England wilt' 

sooner or later ruin her in the markets of the world The skilled 

industries of Great Britain with their irregular bands of workers 
trained anyhow* nohow (sic), armed jvith fantastic scraps of empirical 
knowledge ... are doomed “ 

At the end of the lecture Htoxley seized the opportunity to utter his 
famous threat to the Guilds: A great deal had been said about a 
Minister of Education and the Stale doing certain things, but he 
would say that as far as London was concerned, he thought it would 
be amutter scandal and a robbery if oni shilling were asked for out of 
the general revenue to pay for technical education. There were, in the 
City of London, at the present moment, the possessors of enormous 
wealth, who were the inheritors of the property and traditions of 
the old Guilds of LondoiT, which were meant for this very purpose, 
and if the people of this country did not insist oil this wealth being 
applied to its proper purpose they dcscr\ed to be taxed down to their 
shpes! 

This lecture, with Huxley’s threat, aroused very widespread in- 
terest. There was a leading article in The Times on 1 1th December, 
and a reply from Huxley on the 14th ; others joined in and the griev- 
ance was well ventilated. Whatever the role of the threats uttered by 
Huxley in determining the course of events, it was announced that at 
the second annual meeting of the governors of the C. & G. 1. the 
Commissioners had promised land and the Guilds were tO^pWHfJt* 
£50,000 to build, and £5,000 a year to maintain, the proposed insti- 
tution. 

In the meanwhile there had already been running for some three 
years, at Cowper Street in the City, a series of lecture classes in 
applied science. H. L. Armstrong took applied chemistry and W. E. 
Ayrton applied physics (electro- technology). These very modest 
courses were the beginnings of the City and Guilds College; but the 
final intention was lor: a junior technical college in the City, thereby 
disarming the City patriots, and an advanced one at South Kensing- 
ton. The former was to meet the requirements of artisans as well as to 
act as a feeder for the South Kensington College, which was to be an 
applied science complement to the Government Colleges, and thus of 
University status. 

*On 10th May, 1881, the foundation stone of the City College 
(Finsbury) was laid by Prince ^Leopold in the presence of a distin- 
guished company. Said the Prince : “My Lord Mayor . . . t have now 
had the pleasure of laying the foundation stone of the first technical 
college ever erected in London. . . .” On 18th July, the first stone of 
the South Kensington College was laid by the Prince of Wales. 
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In May 188Cf Philip Magnus was appointed Secretary and Director 
of the City and Guilds Institute. He has described some of the diffi- 
culties that the new venture had to meet and overcome. [21] At that 
time there was, he said, no country so backward in technical ceduca- 
tion as the United Kingdom. In, spite of all the efforts.put forth during 
the preceding half-century this type of education was quite unsyste- 
matised. Indeed, the form that technical education should take had 
never been thought out properly as it had been in Germany and 
France. This was the task which Magnus and his colleagues now 
undertook and with the great advantage over all their predecessors 
that they had adequate financ/al backing. 

Huxley ga\e a sufficient definition of the aims of the movement: it 
was to provide theoretical and practical instruction for^artisans and 
others engaged in industry; an adequate supply of teachers of tech- 
nology with proper schools in industrial areas and, thirdly, proper 
scholarships with openings as teachers or as original researchers in 
applied science. To many, though by no means to all, technical educa- 
tion had meant a smattering of science for the working man; a view 
that had dominated the Mechanics’ Institutes and the early examina- 
tions of the Society of Arts. In later years it became fashionable to 
assert that this implied that few had “properly” understood the im- 
portance of scientific training for managers and employers. But this 
view is less than just to a long succession of men, from Cooke Tay- 
lor’s time onwards, who saw the need very clearly, and it is also unfair 
TtfsaCirilistitutions as the R.S.M., the R.C.C., Owen’s College, etc. 

Magnus and his colleagues were very familiar with German prac- 
tice and consequently they set methodically to work to establish the 
new \enture on as sound a basis^as was possible. Studies were made 
systematic and entry/ even at Finsbury, was conditional upon pass- 
ing ail entrance examination ( Lernjreiheit , however, was not 
practised). At Finsbury H. E. Armstrong, W. E. Ayrton and John 
Perry worked to create the new technological education in detail. In 
Magnus’s words, ”In the small laboratories of the Finsbury Tech- 
nical College the beginnings were laid of that reform in science 
teaching which the pioneers of the technical education movement 
were foremost in promoting.” The essential clement of this was that 
technical teaching should be practical, more practical in fact than 
that which was commonly the case on the continent. Magnus had 
found that continental education was a shade too theoretical for 
British needs. The teaching of practical physics, for example, was at 
that tfme attempted but slightly in the German Gymnasia . r 

The Central Technical College at {South Kensington was opened in 
1884. A three-year course was prescribed : the first year to be de/oted 
to general science, the second and third years to engineering, physical 
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or chemical subjects and a wide range of choice was available. 1 The 
aim$ of the college were threefold : it was hoped that it would suit 
would-be teachers of technology, those who proposed to enter archi- 
tects’ offices, engineering or manufacturing works and those who, 
being engaged ki industry, wished tc* study the relevant sciences. In 
fact of thf three groups the teachers were regarded as the most 
important: the authors of tne technical education movement had 
seen that, before scientific technology as opposed to the old rule-of- 
thumb apprenticeship system could become widely diffused as 
industrial practice, there must be a good^upply of competent teachers. 
What«lhey did not see so clearly, pe^iaps, was that teachers must have 
some assurance that adequate posts await them on their graduation. 
In the year U$88, of some 175 regular students at the Central College 
only 81 were intending teachers, the proportion of teachers being 
officially described as “disappointingly small”. As the National 
Association for the Promotion of Technical Education put it a few 
years after the opening of the C. & G.L.I., “ The fact is, the demand for 
vepy high-class technical education has to be created as well as the 
supply, and until technical classes are more widely diffused through- 
out the country H present, there is little demand for the training 
of technical teachers”. This, they hoped, would cure itself in time; 
but they were prepared to accept that, as for managers and em- 
ployers, ‘They will not be many for some years to come' 

Royal Commission 

In 1880, A. I. Mundella, a firm friend of technical education, be- 
came Vice-President of the Committee of the Council. In May 1881 
H. M. Felkin published his short pamphlet “Education in a Saxon 
Town” (Chemnitz), which revealed the educational efficiency of 
Germany, particularly in regard to the textile industry. The pamph- 
let was highly effective in that it stimulated Mundella and his triends 
to obtain the appointment of a Royal Commission to investigate 
Technical Education ; both here and overseas. 

This Commission 3 (1881-4) [22] was in many ways a remarkable 
one. The members interpreted their terms of reference so broadly as 
to scrutinise institutions as diverse as Edgbaston High School for 
Girls and the Imperial Polytechnic in Moscow, they examined North 
Country industrialists and trades unionists as well as Italian silk- 
weavers and Danish agricultural experts; they inspected German 

* 1 Hydraulics, strength of materials, practical physics, electro-technology, fer- 

mentation, crystallography, oil chemistry, dyc-chcmisti, etc. 

* Thf Chairman was Bernhard Samuelson and other members were Roscoe, 
Magnire, Swire Smith, John Slagg, William Woodall and Gilbert Redgrave 
(Secretary). 

H 
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universities and French Scoles and tkey sent Sir William Matfier to 
conduct an enquiry into American institutions. 

They found, to their surprise, that nowhere in Europe was there a 
system of evening instruction in science comparable with thaUunder- 
taken by the Department of Science and Art and* mdre recently, ' 
supplemented by the C. & G. T. ; but they agreed thqt German 
primary and secondary education wafc better than ours. The con- 
tinental countries had, they concluded, made remarkable progress 
since 1878. In the organic chemicals industry Germany had from the 
scientific point of view, unquestionably taken the lead, and in the 
budding electrical industry, which owed so much to British genius, 
they were at least our equals. They noted that the masters and 
managers ot continental industry had a high standard* of scientific 
knowledge and they expressed their belief thatindustrial success could 
not have been so achieved without high technical instruction, original 
research and a general appreciation of learning and icsearch in those 
countries. Nearly all our useful institutions suffered from inadequate 
funds, and in this respect we compared most unfavourably with the 
continent. The CommissioncrsMid not feel that the vallie of 1 high 
scientific training was generally appreciated in England. “The English- 
man is accustomed to seek for an immediate return and has yet to learn 
that an extended and systematic education, up to and including the 
methods oj original research is now a necessary pichminary to the 
..fullest development of industry” (2nd Report, Vol. 1, p. 525, 1884). 

Tiey* were informed that there were, in England, scarcely any 
“important metallurgical works without a chemical laboratory in 
which the raw materials and products were daily subjected to careful 
analysis by trained chemists”. The permeation of trained chemists 
into metallurgical and chemical works was essentially the achieve- 
ment of the >cars following 1851. In the first half of the century there 
had been very few trained chemists indeed in industry But, even at 
the later date, these chemists were employed not as applied scientists, 
as researchers that is, but as routine testers and analysts. The true 
applied science laboratory had not yet emerged in England; but it 
had appeared on the continent: Messrs. Bindschedlcr and Busch, 
manufacturers of coal-tar colours in Basle, had, the Commissioners 
found, an extensive establishment of chemists. Under a Director 
were three chemists who were Heads-of-Divisions, and under thym 
came a number of assistant chemists; all were university or poly- 
technic trained. There w'ere research laboratories and an excellent 
technical library. Cases were quoted to show that experimental 
investigations had been followed by manufacturing and comjnercial 
success. Indeed, it was said that the Swiss coal-tar colour industry 
owed its success, if not its origin, to the Zurich Polytechnic. 
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As # for Germany, there were, in the session 1883-<f, no fewer ihan 
50 students doing research in organic chemistry under von Baeyer at 
the University of Munich. Tn industry they found that Martius, of 
Berlin? employed 14 chemists, while at Hochst there were 51 scien- 
tific chemists (exclusive of engineers^nd managers) and at Ludwigs- 
hafen approximately the same numbers. Even the physics laboratory 
had begun to emerge at thardate. Siemens-Halske, of Berlin, had a 
small laboratory where experiments as well as. delicate tests were 
carried out. 

In the evidence given to the Commission, W. H. Perkin showed 
that Germany, in 1879, pioduced me £2,000,000 worth of coal-tar 
colours and Britain some 1450,000. 1 hete were 17 colour works in 
Germany agd five in this country. Thus the industry which it was 
anticipated in 1862 would render Britain independent of foreign dye- 
stuffs, an industry which originated in Fngland and depended for raw 
material on England’s greatest asset Coal -had been lost to Ger- 
many in less than 30 years from the date of original disc* very (see 
pp. 79-80). Germany, reinaiked Perkin, knew the value of well- 
trained chemists, although prior toihe introduction of the coal-tar 
industry chonit* > >v<me not to any great extent employed in German 
industry. The German chemist was well trained ; to get his degree he 
had to have done research. In this country, thought Perkin, a chemi- 
cal manager should have had research experience as part of his edu- 
cation. 

The problem of the best way to promote technical education 
would, Colonel Donnelly believed, be solved if one essential con- 
dition were fulfilled: that the Commission, or some other body, 

. . should get the employeis of labour of this country generally to 
see and fully to appreciate the value of such instruction.” (2nd 
Report, Vol. Ill, p. 287). With which may compare Hu\le> * obser- 
vation: “Of all the practical measures that could be taken for the 
advancement of technical education and scientific teaching the most 
important would be that employers should show that tliej valued it, 
and that they would do something for the young people who in any 
way distinguish themselves.” {Ibid., p. 322). These sentiments were 
admirable, but hardly original ; in fact, by 1 884 they had become old- 
fashioned. Little value attaches to sweeping generalisations about the 
appreciation or othetwise that employers showed of science. During 
this period no surveys were carried out which would cast any light on 
the problem. Apart, that is, fr<yn those Royal Commissions, £elect 
Committees, etc., already described; and before all of these a laige 
number of employers of all de^priptions ha strongly pleaded the 
causelof technical and scientific education. Let it be granted, how- 
ever, that Huxley and those ^vho agreed with him had had the j^r- 



106 THE ORGANISATION OF SCIENCE IN ENGLAND 

f ^ 4 

sonal experience that many employers in certain industries were 
ignorant both of science and of its potential value, and that there 
were far fewer professional scientists in England than in (say) ‘ 
Germany. Then the proper, the scientific, question to ask is>“Why 
do many of our employers appijar not to value science?’ 4 From that 
point one should proceed to a systematic study of the rc|evant fac- 
tors. But to demand that employers ‘should value science was to 
require that they shpuld break the vicious circle in whkhrthey them- 
selves were involved. 

Huxley showed much mortj penetration when he added : ‘The hist- 
ory of English science is extremely instructive. Whether in physics, in 
chemistry . . the peculiarity of English science has been that the army 
has been all officers. Until within the last quarter of a century there 
has been next to no rank and file." Our men af science were, in those 
days, amateurs; k \ . . then between 1 840 and 1850 Germany began to 
put out her strength in science." While, in every branch of science we 
have had men of original capacity equal to Germans, or to anyone 
else, we have not, even now, v \ . . anything corresponding to the rank 
and file that they have in Germany." In that country it is a question of 
organisation; men can make a living as scientists: there are, for 
example, many teaching posts in the rapidly multiplying universities 
and technical colleges. 

The contrast was provided, perhaps unconsciously, by Captain 
Abn ey, R.E., F.R.S., of the Department of Science and Art, when he 
told’Th'e Commissioners that: ‘The training and education of engin- 
eer officers renders them fit persons to be acting inspectors" (of the 
science classes). While Sir Sydney Waterlow believed that : “The need 
of a High School of Applied Science is shown by the fact that, in this 
country there does not at present exist any institution which is ade- 
quately-supported and has all the most recent appliances for practical 
science teaching." 

The recommendations of the Commission were that elementary 
and secondary education— iields where wc were markedly behind 
continental practice— should be greatly improved. There should be 
more liberal scholarships and local authorities should be empowered 
to establish and maintain secondary and technical schools. They 
concluded by paying tribute to those who had started the tech- 
nical education movement : Lyon Playfair, for his famous let^pr 
of 1867, to Bernhard Samuelson and the Parliamentary Com- 
mittee and to Mr Felkin for his pamphlet as well as to the Devonshire 
Commission, 

After the Commission had done its work, the individuaLCom- 
missioners with great public spirit “stumped” the country arc their 
own expense. They gave lectures in m?,ny towns and cities and they 
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established the National Association for the Promotibn of Technical 
Education in 1886. 

• University Colleges— Old and New 
“It is the power of liberalising ttye professions that distinguishes 
Universities from technical schools'’: thus Lyon Playfair to the 
graduates*of St Andrew's University in 1873. [ 23 ] The observation 
was not, however, original ; it was, in fact, one of the yardsticks by 
which Hamilton had measured the deficiencies of the universities of 
his time; maintaining that the English universities had abandoned 
professional teaching whereas the Scottish universities did not allow 
for the liberal element but concentrated too much on the professions 
(e.g., medicine). 

Over the period of the early Technical Education movement the 
development of university education in London and the provinces 
was uneven and in many respects unsatisfactory. The healthiest 
development was in Manchester, where the Owen's College, having 
rounded the corner, commenced a period of steady expansion. 
Larger premises were acquired in >868 despite the refusal of first 
Disraeli and 1h°n Gladstone to give any aid. Excellent new chemistry 
laboratories, designed after careful inspection of the best continental 
practice, were also built. In fact, the chemistry department was par- 
ticularly prosperous and, in 1 874, Roscoe was able to gel Schorlemmer 
appointed Professor of Organic Chemistry— an unprecedented 
development. But Roscoe went e\en futther and institutdCTcTitjUr- 
year course in applied chemistry, with systematic classes Tn mathe- 
matics, physics, engineering drawing and French or German as well 
as the standard chemical subjects. , 

It was natural that, although still short of money, Owen’s should, 
before long, aim at unixersity status. To this end Roscoe and his 
colleagues worked hard, enlisting the support of Kelvin, Sir B. C. 
Brodiefjun.), 1 Lyon Playfair, Mark Pattison, Huxley and others. But, 
at the same time, they incurred the hostility of Robert Lowe: [ 24 ] to 
grant university status to Owen's would be seriously to risk lowering 
the standard of degrees, for what better guarantee is there of a 
respectable standard than strict examination conducted by external 
authority? Without an omnipotent examining board the almost 
certain result would be a Dutch auction of degrees. So, at any rate, 
afgued Lowe, who was always true to the doctrines of individualism. 
Fortunately, however, he did not prevail, and the Victoria University 
Charter was granted in 1 880. 

In London, University CoUe&e had its department oV Chemical 
Technology ; Charles Graham having been appointed to the Chair in 
1 Professor of Chemistry at Oxford. 
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1878. The varifety of subjects was wide and included metallurgy, 
brewing, breadmaking, etc, These, however, were short, individual 
lecture courses and there was no extended course in applied chemistry 
like the one Roscoe had organised at Manchester. Nevertheless, the 
College had no reason to regre^ its Chemistry Department ; it was 
one of the most active of all, and the Chair was held by f A. W. 
Williamson, one of the great English chemists of the nineteenth 
century. 

Another interesting innovation was the teaching of practical 
physics. Although Kelvin deserves the credit for being the first to 
open his laboratory to students, the introduction of systematic 
practical physics tuition was due to W. G. Adams at King’s College, 
London, and R. B. Clifton at Oxford; Cambridge followed suit in 
1872, and University College London in 1876. n 

The teaching of practical physics necessitates, of course, the 
establishment olTaboratoiic*. At Cambridge and Oxford the founda- 
tion of the Cavendish and Clarendon laboratories were events of 
great importance ; they marked the full recognition by the universities 
of the “progressive” sciences; no longer was the scene to be domin- 
ated by the old mathematics and natural philosophy disciplines. 1 
This reform did not, however, meet with unanimous approval : it was 
criticised, for example, by that distinguished Cambridge scholar Dr 
Isaac Todhunter who expressed the conviction that the student 
should be prepared to accept whatever the master told him. For hold- 
ingTlliV View Todhunter has* been frequently, and somewhat unfairly, 
criticised* by later reformers. His opposition to “experimental” 
studies was not obscurantist but, on the contrary can be shown to be, 
in one respect, well founded. In Twodhunter’s opinion : “Experimental 
science, viewed in connexion with education, rejoices in a name which 
is unfairly expressive. A real experiment is a very valuable product of 
the mind, requiring great knowledge to invent it and great ingenuity 
to carry it through.” Furthermore, the experimenter “like the poet, is 
born and not manufactured”. 2 Now this view of Todhuntcr’s calls for 
one comment only: it is evidently perfectly correct and it is a truth 
that is, perhaps, too often forgotten, even today. Quite obviously a 
class “experiment” differs not only in degree but fundamentally in kind 
from that activity which Faraday had in mind when he wrote his 
“Experimental Researches ” 

In one sense, however, Todhunter was wrong, for the foundation of 
these laboratories was the start of genuine research and expe^ment in 

1 Yet the expansion of the Cavendish Laboratory was very slow ; it tbok forty 
years for the number of research workers to rise to the order of twenty-dive. This 
was in spite of the famous men who were successively Directors bf the laboratory : 
Maxwell, Rayleigh, Dewar, J. J. Thomson. 

* P. 16, The Conflict of Studies and Other Essqvs, by Isaac Todhunter, 1873. 
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the Universities. Had not Maxwell already distinguished between 
“experiments” of illustration and experiments of research? Nor was 
research confined to the two famous laboratories mentioned: at 
Univepity College, London, for example, students in the laboratory 
were required tp make their own apparatus and carry out their own 
investigations. [25] In other words, Ihere was a considerable degree 
of freedoifi of learning ; for tfle students of those days, other than the 
candidate^ for the external London degrees, were not under immedi- 
ate examination pressure. 

However, while Owen's and University College were comparatively 
prosperous, the state of the two ecclesiastical foundations was much 
less secure. Durham University wa*s extremely poor and a School of 
Physical Science, founded in 1865, proved a complete failure. [26] 
Not until 1^1, with thf creation of the Armstrong College of Science, 
did scientific matters look up in that university. King’s College, 
Lbndon, was in desperate straits, being reduced, in 1875, to selling 
its spoons! (K J. C. Hearnshaw, op. cit.). The Rev. Alfred Barry, 
appointed Principal in 1868, was well disposed to the scientitic move- 
ment and made efforts to build up.strong technical departments in 
the college. Ptoses and engineering were developed with the aid of 
the City Guilds and the award of Whitworth Scholarships. But it was 
not enough and the main source of revenue continued to be the 
evening classes. 

A very important development to which the great technical edu- 
cation movement contributed was the creation of those provincial 
university colleges which were founded in several large cities from 
1870 onwards. One of the lirst manifestations of this occurred in the 
North in 1871 ; a movement amon^thc industrialists of Durham and 
district resulted in the award of £1,000 a year for six years by 
Durham University to aid the establishment of a Science College. An 
endowment appeal was very successful and, in 1871, the Armstrong 
College was opened to provide specialised instruction in mining, and 
engineering with courses in mathematics, physics, chemistry, geology 
and biology. In 1873 Josiah Mason endowed the Birmingham Science 
College and, in the October of that year the Yoikshire College of 
Science (Leeds) was opened; the Clothworkers Company endowing 
eight scholarships in textile technology there. Three years later the 
University College of Nottingham was opened, a municipal institu- 
tion enjoying a subsidy from the rates, and not long afterwards other 
important foundations like Firth College, Sheffield and University 
College, Liverpool. Within a vfery short time many of thsse rolleges 
were teaching a large number of purely technical subjects : plumbing, 
carriage makihg, hosiery, etc. lliey were in their first youth of much 
the same nature as a modern (English) Polytechnic 
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Another xnoxemeut in the early seventies that deserves mention is 
the University Extension. As long ago as 1850 the Rev. William 
Sewell, of Exeter College, Oxford, had suggested the formation 
by the universities of extension lectureships in certain industrial 
towns. With the flood tide of university reform, the repeal, in toto , of 
the Test Acts, this became of redl possibility. In 1871 James Sthart of 
Trinity College, Cambridge took the matter up and was dble to get 
official approval for the idea ; and before very long, university en- 
thusiasts were giving lectures to artisans in the industrial areas. This 
led directly to the foundation of University College, Bristol (1873); 
Balliol and New Colleges, Oxford, each contributing £300 a yegr for 
five years on the understanding that a liberal education was to be 
provided. 

The later development of University Extension does not belong to 
this account. It is hardly relc\ant to science and technology and be- 
longs rather more to such fields as those covered by the activities Of 
the W.E.A. and continuation education generally. No one would 
wish to denigrate the important services rendered by this movement 
nor the selfless moti\es of the yopng university men who, in the early 
days, did so much to forward it. But we cannot accept such a state- 
ment as that made by Lewis Campbell : “The provincial Universities 
are the outcome of the Extension Movement, and have in part sup- 
planted it. . . .” [27] This does less than justice to the Technical Edu- 
cation Movement, the Society of Arts, Lyon Playfair and many 
othei&JKhosc efforts were directed at precisely the same objective and 
who, with the greatest of respect for the universities, did more and for 
a longer time to achieve it. 

There were, during this decade^, two other important innovations. 
In 1872 the Department -of Science and Art constituted the so-called 
Day Organised Science Schools. These were day secondary schools 
which could receive grants for science teaching cither as a whole or for 
particular classes. Several of the reorganised endowed grammar 
schools took advantage of this to gain State support for their classes. 
The second innovation occurred nine years later when, m 1881, the 
Treasury approved a Minute proposing the reorganisation of the 
Government School of Science as a “Normal School” ; that is, as a 
school whose purpose it was to train teachers. 

Arnold and Pattison 

It is a commonplace that the intellectual climate at Oxford during 
the fnU half of the nineteenth centdry was cold, measured by the 
scale of science and scientific education. This did not, howevej, deter 
substantial numbers of Oxford merf from being keeit advocates of 
science both as a mode of education and as an intellectual endeavour. 
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and it was, perhaps, no accident th^t, when the tide of re/orm began 
to flow strongly in the 1860’s, two Oxford men should simultane- 
ously (in 1868) publish books which revealed very clearly the trend of ' 
higher, educational thought of a large and influential group, and 
which were destined to leave their impress on the subsequent course * 
of academic reform. The first of thesdbooks 1 was written by Matthew 
Arnold, s<5n of the great educationist and himself a school inspector 
of wide e)fcperience. Arnold took as his theme the schools and uni- 
versities of Germany and the lessons which this fcountry could learn 
from them. Not that he was the first to direct attention to the excel- ‘ 
lencfc$ of the German educational system- Walter Perry, for one, 
had done that many years previously -but his public distinction, his 
literary abilities and his mastery of the subject gave his work an 
authority hardly to be rivalled. 

According to Arnold’s analysis, the professional half of the English 
middle class— clergymen, lawyers, doetprs had usually been edu- 
cated with, and so carried the cachet of, the aristocracy. The young 
m$n of this class, of the great public schools and universities, had fine 
govefning qualities but lacked an appreciation of science : “having 
an indisposition and incapacity for science, for systematic know- 
ledge.” In contrast, the other half, the commercial and industrial half, 
had been educated in a way that was an inferior copy of the first (cf. 
Whewell) and this was disastrous for, failing in the compensatory 
social qualities, they also necessarily lacked science. On the Con- 
tinent it was quite otherwise; the nations’ middle classestfvcre the 
stronghold of science; with us the workers were uneduoated, the 
middle classes educated on the second plane and the idea of science 
absent from the whole structure and^design of eSucation. 

It was the consequence of this lack of scientific education that 
reliance on rule-of-thumb should characterise English, as opposed to 
German, industrial practice; even in the engineering industries, 
where one would have supposed that we led the world, there pre- 
vailed a miserable system of “blunder and plunder”. More than this 

. . we hardly even know the meaning of the word science in its 
strict sense and employ it in a secondary and incorrect sense.” It is in 
science that wc need to borrow most from the German universities: 
“The French Universities have no liberty and the English Universities 
have no science ; the Germans have both.” 

• Arnold knew that the Universities and Technical High Schools of 
Germany were the crown of a long co-ordercd series of educational 
establishments: primary schoofs, trade schools, Realsctmlen, *Gym- 
nasia % etc., designed, graded and evolved by the be^t brains in the 
country. He hrfd, too, clear ideas*as to the functions of university and 
1 Higher Schools and Universities in Germany , by Matthew Arnold, 1868 
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technical colleges; in the former the c idea of science is dominant; in 
the latter science is subordinate to the requirements of the profession. 
Unfortunately, in England, neither Oxford nor Cambridge fostered 
the idea of science ; with their collegiate and tutorial systems apd with 
their examination and degree requirements they were not really 
Universities but merely high schfools — “Hauts Lycees”. They did not 
take education beyond the general school level (as for Lofidon Uni- 
versity, that was only' an examination board). In Gernmy on the 
other hand, the doctorate degree necessitated a thesis, original work, ' 
and in no German University was “the degree examination, in itself, 
such as to make it what the degree examination is with us . H . the 
grand, final cause of university life”. Examinations did not play any 
significant part in German university life; and, he added, . . ex- 
aminations may be a protection from something worse! All I say is 
that a love for things of the mind is what we want and that examina- 
tions will never give it to us.” 

The 1850's and 1860’s were the years when the enthusiasm for 
written examinations stood at its highest. Arnold’s criticisms are, 
therefore, of considerable interest. Apart from stubborn reaction- 
aries and traditionalists of the old school, he was one of the first to 
have revolted against the new system in so far as it affected higher 
education. In later years criticisms of higher examinations, indeed 
even of junior examinations, became much more common. 

What was to be done? The “University” of London must become 
a teachifig body and to make this possible Oxford and Cambridge 
must donate a share of their professional staff. Even more ambi- 
tiously, and to ensure success of these reforms, there must be a sys- 
tem of true public secondary schools, a Ministry of Education and a 
redistribution of endowments. As for the method of scientific edu- 
cation, Arnold felt that instruction should arouse interest in the entire 
circle of knowledge ; but human faculties are limited and it is “for the 
most part through a single aptitude or group of aptitudes that each 
individual will get his access to intellectual life and vital knowledge, 
and it is by effectually directing these aptitudes on definite points of 
the circle that he will really obtain his comprehension of the whole”. 
Under our present educational arrangements we are rapidly losing 
ground; while our “disbelief in government makes us slow to organ- 
ise government for any matter”. 

The second important work published in 1868 was written by tie 
Rev. Mark Pattison, Rector of Lincoln College. 1 Unlike Arnold, 
PattiSbn a/pent his whole adult life 1, at Oxford and was, therefore, 
extremely familiar with the changing nature of the University during 
the critical years of reform. Indeed, Pattison’s intellectual odyssey 
1 Suggestions on Academical Organisation , by Mark Pattison, 1$68. 
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can bfe taken as a microcosm o^University history; as a young man 
he had succumbed to the appeal of the Newman School but later 
broke with the Tractarians and, by 1851, could plead the cause of 
reform. before the Oxford Commissioners; later still he moved fur- 
ther to^thc intellectual left, becoming markedly rationalistic in out- 
look. Accordingly Pattison’s Academical Organisation proposed 
the application of much the same principles as those of Matthew 
Arnold to*he reform of Oxford University. Hfs work also resembled 
Arnold’s in that it was widely read; and its ultimate importance in 
determining the course of university reform has been judged (by A. 
1. Tillyard) [28] as comparable with the writings of Hamilton. 

For Pattison the most important thing is that the university en- 
dowments should be redistributed in such a way as to convert Oxford 
into a scientific institution. The despised pass degree must be 
abolished and the M.A. degree conferred immediately on graduation. 
In’ addition, the mode and method of instruction must be the “ex- 
clusive devotion of the mind to some one branch of science”. This 
was a sanction for specialism for which Pattison did not think it 
necessary to give reasons, for these would: “involve our mental 
constitution am 1 i survey of the history of Universities either of 
which are much beyond my present limit” (p. 262). But the phrase 
“our mental constitution” can be taken to mean almost anything 
and, as universities necessarily reflect the societies in which they have 
their being, it is difficult to sec what, in this respect, can be “proved” 
by a survey of their history. Moie significantly, perhaps, ha**peaks of 
the “external pressure of a profession” and adds that the "“division 
of labour is the law of mental, no less than of manufacturing 
production” ; elsewhere he talks of tjiis as being “in the reason of the 
thing”. 

Only in the matter of research was Pattison out of step with 
Arnold. Research, for Pattison, was, at that lime, of subordinate 
interest (although later he changed his mind). Possibly he then 
thought that the main scientific effort would continue to be “without 
the walls” and in the hands of the large, quasi-amateur groups of 
doctors, clergymen, army officers, engineers and men of leisure and 
wealth who still formed the greater part of the body scientific in this 
country. In other respects his views accorded with Arnold’s proposals : 
the University to be an association of professional scientific men with 
<he duty to maintain, cultivate and diffuse extant knowledge; the 
objective for the students : specialised instruction in the sciences. And 
Pattison leaves us in no doub*t about this aim: quite Ugidtlly he 
' criticises London University for the broadness of the B.Sc. syllabus 1 
— a flaw that ftas, however, “redeemed and to some extent c red at 
1 Pattison was examiner^ Logic to the University of London. 
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the next stage** for the D.Sc. syllabus required “a thorough and 
scientific study of one branch” (pp. 276-7). 1 

Pattison wanted the universities to be national and open to all the 
talents ; no longer must they be the preserves of the wealthy* More, 
he foresaw the end of the old laisser-faire individualism, for “Civil- 
isation in the west has now reached a pomt where no further triumphs 
await mere vigour undirected by knowledge. Energy will be beaten in 
the practical field by 'combined skill ... the convictionrTnust, ere 
long, reach us that bur knowledge is defective and such is the length 
* of art and the shortness of life that knowledge can only be made 
available for public purposes 'by concert and organisation” (p. 329). 

Sentiments of this kind were of course of great significance, coming, 
as they did, fiom an influential and respected Oxford^ man. With 
Pattison it is evident that we are in a very different social and intel- 
lectual atmosphere from that of Whcwell w and, a fortiori , Newman. 
The clear demand for an open university and for social justice in 
education were great advances on Whewell's complacent acceptance 
of the status quo . On the other hand, for many, Newman's apology for 
the old Oxford and his gentle liberalism are not without great appeal, 
even today. 


The Pattprn of Examinvtions 
In advocating specialised study Arnold and Pattison were approving 
a trend that had been apparent for some time. The Mathematics 
Tripos ws already specialised and when, in 1851, the Classics Tripos 
was freed from the mathematical obligations this, while hailed as a 
reform, was, as Todhunter remarked, also a step towards specialisa- 
tion: it would have been possible to meet the just complaints of the 
classicists by demanding some degree of literary culture from the 
mathematicians as well as some degree of mathematical learning 
from the classicists. 

Experience shows that increasing specialisation is characteristic of 
written examinations; educational authority tends to ‘'rationalise” 
them. Mathematics examinations, the first to be specialised, permit of 
more accurate marking and classification than, probably, do any 
others. 2 Consequently, as Henry Latham pointed out, 3 extraneous 
subjects in a mathematics examination would tend to destroy the 
homogeneity of the course: for example, the ‘‘slight study Of moral 

1 Despite this illiberal philosophy of higher education it must be noted that 
Pattisog was very much alive to such examination abuses as “cramming!’ ; he held 
that exammdfcions alone, without proper teaching, were “unwholesome”* 

8 A calculation can only be correct or incorrect. An essay, on the other hand, 
cannot be classified in such a simple fashiorti 

3 On the Action of Examinations Considered as a Means of selection j oy Jtienry 
Latham, 1877. 
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philosophy” was dropped from me Mathematics Tripos as early as 
1828 for it was felt that, as between would-be Senior Wranglers, it was' 
unjust to allow competence in moral philosophy to decide the issue. 
We reoognise the same attitude when we find the Oxford Public 
Examiners submitting, in 1831, that logic “be not absolutely required 
of candidates for Mathematical Honours”, [29] because: “The 
requisition put on the candidates for Mathematical Honours to pass 
in logic ac>s as a direct discouragement to Mathe/natical studies, be- 
sides being in itself unjust, as the candidate has not the option 
allowed to others in the general examination, but is obliged to under- 
go an examination in logic, in addifipn to Mathematics.” 

In a similar manner the oral examination, once a feature of the 
Mathematic* Tripos, had quietly disappeared. Whewell had ap- 
proved of oral examinations; conducted by competent examiners 
there was no better way of exploring the highways and byways of a 
candidate's knowledge, no surer means of unmasking the mere 
“crammer”. But unfortunately it is very difficult to conduc* an oral 
examination in such a way that all candidates get exactly the same 
“value” of questions, and to submit «the same questions to all candi- 
dates would he A.UTi(icc flexibility, the main virtue of the oral 
examination. 

However strong is the belief that it is desirable for students to 
acquire a truly liberal education, liberal in content as well as in intent, 
if for the above reasons it is impossible to include extraneous sub- 
jects in the examination papers, all that* can possibly be Cone j** to 
allow time and opportunity for their pursuiL in the hope thaf students 
will seek voluntarily to broaden their eduction. But this would 
almost certainly result in a lower degree standard and would, in the- 
event, give carte blanche to the indolent. If a respectable standard is 
to be achieved the course must be such as to exercise the student to 
the uttermost. If this is not the case- -well, there were few, if any, 
defenders of the pass degree among the nineteenth-century reformers. 

The process of rationalisation was also at work in the Natural 
Sciences Tripos. This had originally consisted of an examination in 
five science subjects (see p. 76) and although some candidates 
restricted themselves to one or two subjects, a number, in the hopes 
of gaining more marks, attempted several. This, it was felt, was leading 
to superficiality and, from 1874 onwards attempts were made to en- 
sure that the course encouraged “thorough knowledge of at least one 
subject — so far as it can be mastered during the period of under- 
graduate study— combined with a sound study of the priilcipfes and 
leading facts of the cognate ancj subsidiary subjects. . . [30] This 

led to a division of the Tripos into two parts. The iirst part (corre- 
sponding to the pass degreg) required the elementary portioi^ of 
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three or more subjects while in Part II only one subject was impor- 
tant, although a competent knowledge of one other was required. 
Part I could be taken at the end of the second year and Part II at the 
end of the fourth. 

At the same time that these modifications were going on $t Cam- 
bridge, the London University was following exactly the sijmc course. 
The original London B.Sc. was carefully designed to ensure that the 
candidates must have possessed : . . such general culture as should 

be likely to prevent its holder from becoming a mere specialist”. But, 
on 25th May, 1876, a Committee of the University announced that 
“. . . a thorough knowledge limited to a comparatively small range, is 
preferable to a slighter acquaintance spread over a more extended 
area. And it is the general experience of teachers that tficrc is, from 
the commencement of their academical course, such a decided pre- 
ference on the part of nearly all students of science for either the 
physical or the biological gicmp of subjects, that the attention of each 
student is given to one group almost to the exclusion of the other”. 
To which they added, “Teachers and examiners assure us that this is 
best.” [3/] Consequently the subjects for the B.Sc. examination were 
divided into two groups -biological and physical -and candidates 
were allowed to choose, with some restrictions, three subjects for 
examination ; at the same time the study of logic was made optional. 
The Honours regulations were, of course, unchanged. 

These de\elopmcnts clearly ran counter to the definitive rccom- 
mejndatior.s of the Devonshire Commission and to the express 
opinions' of many of the leading scientists of the day (see above, 
pp. 73, 95, 97). Ap.art from the advocacy of men like Pattison 
— and they reflected a trend rather than suggested a reform - what 
reasons can be found to account lor this implicit abandonment of the 
old idea of a comprehensive and liberal education? 

Why, that is, do examinations become specialised? 

(1) In the first instance we can consider the general “climate of 
opinion”. The doctrine of the “division of labour" had transcended 
the works of the economists and had become a Victorian article of 
faith, enjoying almost metaphysical status. Newman acknowledged 
its force; Spencer found it to be an ingredient of the “law” of pro- 
gress ; [32] the Prince Consort gave it Royal approval [33] and it was 
only natural that before long it should be applied to learning. The 
argument was simple : a man who devotes his attention to one object 
is more likely to effect an improvement in that object than one who 
allowS his'mterests wider scope. 1 

(2) A more cogent reason, and one explicitly given, Was to be 
found in the advance of knowledge. The half-century prioj to 1881 

t 1 Mill expressly warns against this theory as applied to invention^ etc. 
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was irtarked by great advances in natural science and i i is Certain that 
these alone would necessitate some degree of specialisation. But, on 
the other hand, these advances were mainly steps in the direction of 
greater.unification ; of that greater generality which is the hallmark 
of scientific progress. Correlated together were heat and energy ; light 
and electromagnetism ; physics and chemistry, organic and inorganic 
chemistry, etc., etc. In a sense, then, science in acquiring greater 
generality^becomes simpler; the phenomena itre not so diverse and 
perplexing. Again it cannot be said that all knowledge is of equal 
value and the question of value can be decided only in the light of a 
philosophy of science and beyond t Jiat of a social philosophy, a con- 
sideration of the ends involved. It was an unfortunate feature of the 
examination system as operated that it tended to ignore such con- 
siderations; utility for examination purposes, as Todhunter saw 
clearly, rather than intiiirsie importance being a criterion for the 
selection of questions. Thus the important features of a study tended 
to be submerged in a sea of minor detail and the subject to become 
unnaturally expanded in consequence. 

(.Tf Ihe demand for applied scientists cannot have been a factor in 
this special i sn t •* i for industry, at that time, offered extremely few 
opportunities for the highly trained chemist, much les* the physicist, 
etc. At Cambridge, for example, the introduction of highly specialised 
training resulted in a marked and continued fall of the numbers taking 
Part II of the Natural Sciences Tripos and a rapid rise of those taking 
Part I, the Pass Degree (see p. 195). Also, were it a question of econ- 
omic forces we should hardly expect them to manifest themselves at 
Cambridge - whose ilumni were still largely young men of compara- 
tive means. Professional science caji, then, be ruled out as a factor 
leading in the first instance to specialisation. In one profession only — 
that of teaching - would the specialised graduate be in some demand. 
The public schools would value the high Honours man not merely for 
his prestige but also for his ability to tutor boys for the university and 
college scholarships. Scholarship examinations had also become 
highly specialised at an early date, and the reputation of the school 
rested to some extent on the number of scholarship winners it could 
boast. 

(4) The trend towards specialisation was not limited, of course, to 
mathematics and science. With the specialisation of the Natural 
Sciences Tripos, there went, pari passu , the specialisation of the 
Classics Tripos and this process rapidly became general for most 
subjects as they were introduced into academic syllabuses 1 . Evidently 
the proliferation of specialisation is accounted for rather by the 
nature of academical systems lhan by concrete external demand. 
Examination stimulates study and, as the London examiners pointed 
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out, the student who usually has a preference, or an aptitude, for one 
branch of knowledge would naturally prefer to be examined solely in 
that branch than to be compelled to study other branches as well. 
Therefore, under the conditions imposed by written examinations, 
specialisation is agreeable to the examinee, generally speaking, as 
well as to the examiner. And it is, of course, true that any advanced 
study must, of necessity, be of specialised form whether it is stimu- 
lated by written examinations, thesis requirements or, simply, the 
desire to advance knowledge. (But in the case of “free research” the 
specialism is voluntarily selected by the student ; in the case of the set 
syllabus and the wiitten examination it is imposed from without by 
the teachers and is governed b> past experience of other students.) 

Thus the machinery of high-grade specialisation, had been 
assembled and perfected by 1881; before there was any noticeable 
demand for professional scientific specialists. The main factors 
which led to this appear to be: (1) the extension of scientific know- 
ledge, (2) the nature of the teaching and examination system. 

Criticisms and Suggestions 

Specialism in higher education, the isolation of one science from 
another and science as a whole from the humanities, has always 
evoked the strongest criticism and it should not be thought that the 
developments of the 70’s and 80’s passed without comment. \n 1885, 
speaking with authority, as President of the British Association, 
Lynn Playfair explicitly condemned specialism in the following 
words : ‘T . . the divorce of cultuie and science which the present state 
of education in this country tends to produce, is deeply to be de- 
plored because a cultured intelligence adds greatly to the development 
of the scientific faculty/’ 

With much less precedent, however, the instrument of specialism, 
the written examination, also began to suffer criticism. We have 
already seen that Arnold was no lover of examinations, and he was 
only the first of a large number of critics who emerged during the 
closing years of the century. Todhunter, an original mathematician 
as well as a teacher and examiner of experience, asserted as early as 
1873 that: “The excessive cultivation for examination purposes of 
one department of knowledge to the exclusion of others seems to me 
one of the great evils of our modern system of bribing students by 
great prizes and rewards to go through our competitive struggles” 
( op . cit. 9 p. 5). He was quite emphatic that specialisation was a “seri- 
ous evil” &nd hoped for a more general culture than specialisation 
allowed. For this reason he was quite consistent with his desire, 
strange as it seems, that mathematical examinations should be both 
shorter and easier; and he wished to: “join my protest, feeble as it 
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may t>e, with that of many othef persons both within ^nd^without the 
university against the exorbitant development of the system of com- 
petitive examinations” (p. 241). 

In tfce*previous year Lyon Playfair, criticising a characteristic sug- 
gestion of Robert Lowe’s, could say to an academic audience and 
with tfie subsequent approval of maify academic authorities : “. . . one 
great evif of University education, and more particularly of Uni- 
versity examination, is to create faithful disciples rather than inde- 
pendent thinkers.” [34] (In case it is thought that this is unfair to 
Lowe, let it be remembered that in the opinion of the latter the Civil 
Service Commission could well be expanded to perform the function 
of a “University”, for examining is a judicial function.) [35] 

It is, of course, one thing to criticise; it is usually quite another 
matter to suggest remedies. But in this case there was an alternative in 
the field: for the most part those who criticised examinations were 
either men who had been educated at 'German universities or were 
avowed admirers of German education. Thus, in 1872, a witty indi- 
vidual, a “British and Foreign Graduate”, praised the German Ph.D. 
systSm and denounced the Fnglish # practicc on the grounds that ex- 
aminations are designed, not to discover the intellectual development 
and mental standards of a candidate, but to find out how much he 
has learnt from other men; examinations suit the acquisitive mind, 
while the thesis system suits the creative mind. \36] In the following 
year Roscoe, also educated in Germany, was stressing the vital im- 
portance of research: “. . . on the comment of Furopc^to a great 
extent, and in the United Slates, in some measure, those who^eld 
the sceptre of government arc not only aware of the national im- 
portance of original research but, what is more, they act up to their 
convictions whilst we feel that the same cannot be said of our 
country.” The essence of the scientific spirit is that it is free and dis- 
interested, that it will not be bound by any constraints, and for these 
reasons research must be recognised as a means of education. Indeed, 
Kolbe had told Roscoe that German chemical manufacturers were 
refusing to employ >oung men unless they had had previous research 
experience. In England the Universities ignored the claims of re- 
search and “Sir William Thomson (Kelvin) had expressed his 
opinion that the system of examinations at the university has a ten- 
dency to repress original enquiry, and exerts a very injurious effect in 
Obstructing the progress of science”. Germany has practised Lehr - 
und Lernfreiheit but “if the students had been all ground down to the 
one pattern by the requirements of competitive ex'imirmtions, 
originality of mind would have been effectually discouraged”. [.17] 
(Kelvin, incidentally, had told the Devonshiie Commission that, in 
his opinion, examinations exerted a “fatally injurious tendency” on 

i 
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the higher parts of science. See alsd Vol. II of S. P. Thompson’s 
biography.) 

Huxley, examiner though he was, questioned the value of Uni- 
versity examinations in his Rectorial Address at Aberdeen University 
in 1874. [J<5] He agreed that written examinations fell us next to 
nothing about a man’s powers as an investigator and conceded that 
there was much to be said on behalf of research degrees— a practice 
which, he reminded his» audience, was of some antiquity. Three years 
later he went so far as to describe competitive examinations as “The 
educational abomination of desolation of the present day . . .” In 
that year (1877) Walter Perry was asking whether “cramming’’ and 
examinations are the best means oV enlarging the mind ; for it was his 
belief that “the mind grows best on the food that it chooses for 
itself” [ 39 ] and it was his fear that private tuiiiqn and regulated study 
would destroy the scientific spirit. 

That professional, or industrial requirements were not among the 
causes of the specialisation of science degices follows from J. Norman 
Lockyer’s observation, “There is absolutely no career for the student 
of science as such in this country. True scientific research is absolutely 
unencouraged and unpaid” [ 40 ] (1873). Not that Lockyer was the 
only one to deplore this, for there was at that time a small group 
actively trying to remedy the situation and also to reduce the import- 
ance of examinations in the university. The pioncei of the group was 
Dr C. E. C. B. Appleton, a young philosophy lecturer at Oxford who, 
after graduation, had spent q couple of years at German universities. 
Appleton .returned home full of enthusiasm for “Wissenschaft” and, 
the times being propitious, was able easily to persuade a number of 
younger university mfcn of the value of research and of its true 
position, or rather, what should be its true position, in the university. 

Stimulated by Appleton’s enthusiasm a group of distinguished 
academics and others interested in the problem met 1 for a discussion 
at the Freemason’s Tavern. Mark Pattison took the chair and the 
first speaker, Professoi George Rolleston, after a bitter denunciation 
of the examination system — “Men get demoralised by the process” — 
went on to ask how best to encourage the few to do research without 
sacrificing the interests of the mediocre? After W. B. Carpenter and 
Burdon Saundcrson had compared the English universities un- 
favourably with the German ones, Pattison proposed the first 
motion : “That to have a class of men whose lives are devoted to 
research is a national object.” Having carried the motion unani- 
mously the company agreed that the best means of achieving this 
would be by redistributing university endowments in favour of active 
research workers. Pattison cautioned against an all-'out attack on 

1 In November 1872. 
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examinations —‘‘however much # we may be convinced^ fts effect . . . 
as actually carried out, in sacrificing literary and scientific ability” — 
and proceeded to recommend, as the major objective, the “planting” 
of research professorships in the academic body. It was thereupon 
resolved to establish a “Society for the Organisation of Academical 
Study'* and a provisional coipmittec tvas elected. 1 41] 

A monflh later, in December, a letter from Sir B. C\ Brodie ap- 
peared it * Nature, calling attention to the proposed Society and 
asserting that “Science requires the services of a class devoted to the 
extension of knowledge, precisely as other cla.sscs are devoted to 
comnjerce, to politics, or to agrici^ture. Such a class does not exist 
among us and its absence is the greatest defect in our social system”. 
Unfortunately our universities arc now superior kinds of “Grammar 
Schools” and “of the university as thus understood, pecuniary 
prizes were to be the motive power, and competitive examination the 
regulating principle”. Brodie ended with a strong appeal for mem- 
bership of the Society. [42] 

.But in spite of this hopeful beginning, and the interest of other 
influential men (like Roscoe and Jx>ck)cr) the Society ultimately 
failed; partW V^nnsc of indilfeience within the Universities, and 
partly because the Universities were then much taken up with the 
question of the Extension Movement. 

Before we return to a consideration of the Technical Education 
mo\ement it is of interest to record two recantations by former 
advocates of the examination system.* Towards the en*i of^l^70 
James Booth wrote to the Journal of the Society of Arts, claiming to 
have originated competitive examinations in the public sphere, but 
adding that excessive examination “now so common, is much to be 
deplored”. [43] And Mark Pattison, in his Memoirs , [44] published 
posthumously in 1885, wrote of the period of examinations and uni- 
versity reform: “Little did we foresee that we were onlv giving 
another turn to the examination screw, which has been turned several 
times since till it has become an instrument of mere torture which has 
made education impossible and crushed the very desire for learning.” 
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CHAPTER VI 


1 888-1900 

T he last decade of the nuudeenth century was an intellectual 
epoch later to be described as one of the dullest stages of 
thought since the time of the First Crusade: “The, period was 
efficient, dull and half-hearted. It celebrated the triumph of the pro- 
fessional man” (Whitehead). The old free amateurism was dis- 
appearing and with it those great figures, men like Darwin and Joule, 
who had contributed so much to the scientific achievements of the 
century. By contrast, the new leaders of thought, increasingly pro- 
fessionals, seemed to lack the qualities of greatness so conspicuous in 
their predecessors; and, as if in sympathy, there appeared to be a 
“failure of nerve” on the part of the industrial leaders of the country. 
But these judgments are, to a great event, subjective; on the other 
hand what was quite objective was that there was in progress an 
educational revolution, aspects of which were to be of great import- 
ance/or science and with which were correlated the beginnings of the 
applied Stience revolution. That is, the invention of the methods 
whereby society is able directly to apply science to the systematic im- 
provement of industry. # 

It is tiue that young Germans and Swiss had often been employed 
in England in occupations for which their technical training was 
superior to that available to young Englishmen ; in particular there 
were many German commercial clerks employed in the Manchester 
area. But there were also young Germans and Swiss who came to 
England with high scientific training and who were prepared to sell 
their talents in the great industrial areas, chemical and otherwise, in 
the North. Indeed, these young men formed such a substantial pro- 
portion of the first applied, professional scientists in England that 
they seem to have made the vocation almost a foreign monopoly; in 
much the same way as music and music teaching had, by tradition, 
come to be considered to be the province of Italians. The significant 
point was that the English were not yet producing professional scien- 
tists of their own, whereas continental nations had been doing so for 
many years. To assert that this was because the English did not 
“vajhie” science is to beg the question^ and it certainly does not ex- 
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plain why, if this were so, the foreign experts bothered to come over 
— men like Lunge, Caro, Hurter, Mond, Gricss, Auer, Obach and 
many others. Or, to put the point directly, had the English educa- 
tionahinstitutions provided for the training and employment of such 
men, would n&t the English industrialist have become more scientific 
at a mu$h earlier date, afld so have achieved the applied science 
revolution without foreign aid? To blame thq industrialist for failure 
to appreciate science and research at a time when the higher educa- 
tional institutions of the country did practically nothing to forward 
original work was both unjust and foolish. The reason for such con- 
demnations seemed to lie in the bdflief that a '‘demand” for “science” 
should somehow arise from the heterogeneous mass of industry; this 
would ultimately clarify itself and result in a suitable supply of 
appropriately trained scientific experts. When, from the confusion of 
industrial voices, no such* demand arose, it was felt that appreciation 
was lacking, and, in consequence, exhortation was called for. 

T h h Technical Education Movfment 
lhe Royal Commission of 188*1-4 had found that nowhere in 
Europe was mg*u -school instruction in science carried out on a scale 
comparable with that achieved in England by the Depai tment and the 
C. & G.l. r l hey observed also the strictly scientific work carried out in 
German and Swiss chemical work^ and the high scientific standards of 
continental works managers. It is very strange, therefore, that in the 
years following the publication of the Commission’s repdfts, tte tech- 
nical education movement emphasised night-school science rather 
than what may be called the higher technology and applied science. 

There was a curious vagueness surrounding the ideas of the leaders 
of the movement which makes it difficult to specify with any precision 
the objectives they had in mind or to assess the ultimate effects of 
their movement. In 1887 Huxley had called for further techrical edu- 
cation as an instrument in the struggle for national existence; [/] 
and, in 1886, Roscoe, with the backing of Acland, had proposed the 
formation of the National Association for the Promotion of Tech- 
nical Education (1st July, 1887) with the aim of ensuring that the 
recommendations of the Commission on Technical Instruction were 
carried out. Huxley, addressing a meeting in Manchester in the fol- 
lowing November [2] demanded more practical science; what were 
needed, he said, were not professional mathematicians, chemists and 
physicists, but people broadly familiar with the underlying jcientific 
principles of industry ; for there is “hardly a branch of trade ur of 
commerce wjhich does not deppnd, more or less directly, upon some 
department or other of physical science, which does not involve for 
its successful pursuit, reasoning from scientific data”. Bqj; this 
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generalisation is so wide that it is difficult to see what value it has: 
what, for example, is meant by “reasoning from scientific data”? In 
maintaining that professional scientists were not needed, Huxley has 
been proved by events to have been quite wrong. Indeed tho Com- 
mission of 1884 had found that the professional applied scientist was 
already at work in Germany. Also, the nation of “the sciences under- 
lying the arts” was, by that time, archaic, and, in this respect, 
Huxley's views do not show any advance at all on those of George 
Birkbcck, Benjamin Heywood or even Adam Smith. Huxley admitted 
that technical education could not be easily defined but he excused 
himself on the grounds that sucht education would be experimental 
for years to come, it seems, in short, to have been the case that many 
enthusiastic advocates reduced themselves to the position of pro- 
claiming “We cannot say what Technical Education is, but wc must 
have it”; and when it is remembered that virtually no subject of 
tuition 1 can be described as non-tcchnical the vagueness of the 
demand becomes more appaicnt. What, in fact, was needed, as the 
Commissions of 1872 and 1884 had urged, was systematic secondary 
education, and pcihaps many members of the movement used it as a 
stalking horse to secure this. 

However the impossibility of saying in relatively few words what 
was meant by technical education aroused the critical faculties of two 
men who were certainly not reactionaries of the old school. One of 
these was an Oxford classicist and Professor of Humanity at Edin- 
burgh [3] Examining the fihdings of the Technical Commission, 
Professor XT G. Ramsay concluded that whcie wc were decisively 
backward was in the de' elopment of scientific chemistry as applied to 
coal tar colours and to agriculture, cspeci ally the sugar bccl industry. 
This, concluded the classicist, was due to the possession by Germany 
of a corps of professional scientists. This seemed undeniable for every 
economic advantage was on our side to begin with : we possessed the 
raw material and could produce it more cheaply than Germany 
(indeed we exported to Germany the coal tar which they used to 
make the aniline colours), we had the capital, the transport facilities, 
in fact, everything bar the chemists. It is regrettable, but true, that in 
this instance the classicist rather than the biologist seems to have 
understood more clearly the importance of true applied science. In 
any case a powerful ally appeared on Ramsay's behalf. This was Lord 
Armstrong (W. G. Armstrong) who stressed the desirability of public* 
science kiboratories, but denied the need for widespread technical 
education. [4] To this Playfair replied a month later, and Magnus in the 
following November. It must be admitted that Playfair's case was not 
convincing [5] and, to Armstrong's rejoinder [6] there came no reply. 

\ The Classics can be considered as strictly trehnical : e.g., for teachers. 
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But however difftjsc the objectives of the leaders might'havc been, 
they were certainly able to make piecemeal progress. The National 
Association criticised very effectively the payment-by-results system, 
quoting the case of the sixteen-year-old boy at Bradford Technical 
College* who, in’May 1888, passed in no fewer than 19 subjects in the 
Department’s Science Examftialions/while at least three had passed 
in 18 subjects and many in 16 or 17. This, they concluded mildly, was 
hardly wholesome. Supporters of the movement lijcc H. E. Armstrong 
and Philip Magnus worked hard to develop a new education; 
stamping out ‘‘test-tubing” in chemistry classes and calling for effect- 
ive inspection in place of payment-by-rcsults. 

A development parallel to the technical education movement and 
one which, to a great extent, later merged witli it, was the Polytechnic 
movement. The lalter'originated with Quinton Hogg’s educational 
charities, especially with tile institution he acquired and rejuvenated 
in 1881 : the Regent Street Polytechnic, hi 1883 James Bryce was able 
to get the City Parochial Charities Act passed, whereby various 
charitable endowments could be used to found additional Polytech- 
nics on the Regent Street model. The*purposcofthcsenewimtitutions 
was defined a^. * corporation of working men and women, bound 
together by the sympathy of kindred occupations and bent on mutual 
improvement by means of such agencies, other than religious, as are 
calculated to promote their intellectual, physical, moral and material 
well-being." By 1898 eleven of them had been founded in London 
alone, under the administration of the Ofiirity Comniissioiftrs, i£pr£- 
sentatives of the Guilds and the Technical Education Boartl of the 
L.C.C. 

In 1889 the first Technical Instruction Act \... . r assed and for this 
Roscoe, who had entered parliament as a Manchester Radical in 
1885, deserved much credit. This act empowered county and 
borough councils to levy rates to establish technical schools for 
teaching “the principles of science and art applicable to industries” 
and the ‘‘application of special branches of science and art to specific 
industries and employments”. In the following year Goschen's Local 
Taxation Act placed at the disposal of the local authorities a sum of 
£750,000 specifically for technical education. The battle for state- 
aided technical education had been won and the scene was now 
quite modern with polytechnics, technical colleges, etc. The Mech- 
anics’ Institutes were no longer a living issue. 

A powerful influence in the public acceptance of technical educa- 
tion was the increasing awareness of the development of foreign 
competition, \yilh this threat \cry much in mind, the National 
Association, in 1889, circularised manufacturers, asking for the 
views of “practical men” — ryuch as the Society of Arts had d<jnc. 
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nearly forty years before. To their inquiry [van Levinstein, a chemical 
manufacturer of Manchester, one of the few engaged in coal tar 
colour products in England, replied that what were needed were 
better trained chemists: quality before quantity; for many of our 
technical school chemists were badly trained. On the same occasion 
Sir William Mather, of Mather and Platt, expressed the ,^ery liberal 
view that “In the technical schools the means should be p/ovided to 
pursue science in the abstract for original research with attendant 
general culture”. Mather had a right to be heard for not only was his 
firm one of the largest engineering concerns in the country but it had 
a splendid record in education ;*‘they had long ago established their 
own trade school and had compelled their apprentices to attend 
classes for two hours everyday. Roscoe and Acland» agreed with 
Mather’s recommendation and suggested fnat the solution was 
government grant aid for the university colleges. 

The Univirsiiy CouiGts 

Apart from Scottish and Irisl\collcgcs, the first university college to 
benefit from government aid was the new University College of 
Aberystwyth. But the English university colleges, too, were not in a 
very healthy condition; in April 1887, Jowett drew attention to the 
fact that the endowments were insufficient for the full development of 
the colleges, and the lower middle classes could not afford a uni- 
versity education. (Report t of Conference of University Extension 
Obligates.) On 10th March, 1888, a delegation which included Play- 
fair, Roscoe and Acland waited on Lord Cranbrook with the request 
for a grant of £4,000' a year for each university college. The govern- 
ment replied with an 'offer of £15,000 a year for all; an allowance 
equal to the annual slate subsidy of the Zurich Polytechnic. The 
award was to last some five years, after which it would be reviewed, 
and a prototype University Grants Committee was >et up to ad- 
minister the money. 

With such advanced sentiments in the air it is not surprising that 
there was growing discontent with London University; that emascu- 
lated examining board created by the utilitarian theorists of 1 837-58. 
Matthew Arnold had called for reform, as we have seen ; Lyon Play- 
fair not long afterwards, and there were also the numerous critics of 
the expanded examination system. These critics clarified the issue 
when, in 1884, they founded an organisation to promote the estab- 
lishment of a teaching university in the capital. 1 

1 This had the backing of many very famous people: Mrs E. G. Anderson, 
Cirylls Adams, James Bryce, Warren de Id Rue, Dewar, Carey Poster, Frankland, 
Huxley, Henrici, Lankcstcr, Lister, Lockyer, Playfair, Kelvin, Tyndall, etc., as 
wc|J as the Heads of many Oxford and Cambrige Colleges. 
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A major reform tyas made inevitable when the two*chifef Colleges, 
University and King’s, petitioned the Queen for joint University 
status, the new University to be called the “Albert University”. This 
proposal \vas seen to be sufficiently important to justify the appoint- 
ment of a Royal Commission with Lord Selbourne as Chairman and 
five other *members, three f>f whom were distinguished scientists: 
G. G. Stakes, J. E. C. Weldon and Kelvin. IJnfortunatcly this first 
Commission proved a most unsatisfactory one* for it rejected the 
petition of the colleges while recommending the reform of the Uni- 
versity by the inclusion of college representatives on the Senate. [7] A 
decision from which the three scientists rightly dissented; adding a 
rider to the elfect that they would have preferred a teaching uni- 
versity. 

However, we are libt concerned with the legal disputes that ac- 
companied this investigation but with the development of scientific 
institutions in London. Now an analysis*of the figures for the London 
B.Sc.(Hons.) awarded between 1X80 and 1900 inclusive is illumin- 
ating and demonstrates the lb ice of the claim made by the two col- 
leges : 


University College 

King's College 

Other London Col leges 

124 

14 

127 

Oxford and Cambridge 
Provincial Colleges 

56 

219 

Totals 

265 


275 


While the University clearly did not honour its parents, these had 
become almost minor universities in their own rights; certainly in 
terms of student numbers and work -i.e. research -carried out. But 
they were too poor to be able to endow research laboratories on the 
scale achieved by Oxford and Cambridge Universities, 1 and the 
London University, as a purely examining body, obviously could not 
do so; the latter had been founded at a time when the only obvious 
function of a university, as opposed to colleges, was to examine. 
(Lowe, and those who thought like him, had maintained that the 
only duty of the state was to supervise the examinations, and even 
Pattison, with no faith in examinations, had believed that “it Was not 
the duty of the state to subsidise science through the universities”.) 2 
Yet, in spite of neglect and poverty, the London Colleges achieved a 
remarkable record in the annals of nineteenth-century science. 

Karl Pearson had already panted out that the London f degjee sys- 
tem amounted in practice to a complete denial of the principle of 
Lehffreiheit . 'piat is, the teacher could not, it his students were to be 

1 Both Universities found the creation of research laboratories very expensive. 

2 Academical Organisation . % • 
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successful, depart from the strict course laid d’o^yn by the remote ex- 
amination board over which he had no control. Lister and Lankester 
had informed the Selbourne Commission that only a minority of 
London students look the University degrees because they preferred 
to follow the curricula of their teachers rather than those of jm out- 
side body. Students who took’ihc University degree natjirally con- 
centrated on the requirements of the examiners rather thpn on the 
ideas of the teacher^. 

Educational deficiencies of this kind, in the capital city of the 
wealthiest country in the world, could hardly be tolerated. Ac- 
cordingly, the next Royal commission, the Cowpcr Commission of 
1894, [5] stressed in its report the need for scientific research insti- 
tutipns in London “. . . for those advanced students who cross the 
Channel to find what should be available here”. A reformed Uni- 
versity of London, they urged, should haVc adequate State support. 
Large sums of money are spent on science in Germany; at present, 
London is behind Zurich. The unfortunate history of the aniline dye 
industry did not escape the Commissioners. Like so many others be- 
fore them, they found that the facilities for training the research 
chemist were far better in Germany than they were in England. (It 
was, by then, a sine qua non for British chemists to append the Ger- 
man Ph.D. to their names). As for physics, as Olaus Henrici told 
them, the higher teaching and advanced courses comparable to those 
given at German universities by authorities like Quincke did not 
exist jn London at that date/ 

A local comparison was made by Sir William Ramsay. Justifying 
the claim of University College to be considered as a University, he 
showed that the volume of research at the College equalled or ex- 
ceeded that done at Oxford or Cambridge; for, between 1890 and 
1892 no fewer than 84 scientific memoirs were published. Ramsay had 
a splendid scorn for book-learning; the London B.Sc. was harmful 
for research ; the emphasis was wrong and it was not practical enough. 
Research training should begin at student level. As for examinations, 
Ramsay believed that the ability to pass them, to acquire material 
and then reproduce it when required, might be a good qualification 
for a barrister or a government official, but not for a scientist. He 
needed developed inventive powers. 

For Huxley, now the venerable elder statesman of science, uni- 
versity education was still to be li beral ; degrees were of no importance 
for men of science— only for professionals ; in fact, Huxley knew of 
no leading scientist who cared whether he had a degree or not. An 
interesting point of view which would seem to indicate that Huxley’s 
mind must, at that time, have been fixed more on the past than on the 
present ; and it also suggests that he had yery little idea of the trend of 
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future* development!. 1 However, he concurred that opr laboratories 
were nowhere up toVjerman standards; a point also made by Hud- 
son Beare who emphasised the importance of the Massachusetts 
Institutes ©f Technology. Ambrost Fleming observed the develop- 
ment of German industrial laboratories, as did Magnus who gave 
Playfair as # his authority fon the statement that German industrial 
laboratories were now employing up to fifty chemists on research. 
With this was correlated the sugar beet and aniline dye industries (cf. 
G. G. Ramsay). In spite of this it was difficult to*get adequate [State 
.support for the laboratories of the Royal College of Science. “They 
are”, remarked Roscoe, “a national disgrace ” 

The German industrial laboratory was further discussed by H. E. 
Armstrong <jnd the inevitable comparison drawn with this country. 
Here, thought Armstrong, the maximum number of chemists em- 
ployed in any one establislPmcnt was about six (he was quite right). 
Onfy brewing appeared to be progressiva, as the work of Griess and 
Brown showed. The real beginning of German development was the 
Giessen laboratory and, later, th: work of Hofmann when he returned 
from England (see above). 

Apart from !iu dey the last ditch defence of the liberal education 
was, very appropriately, left to two Irishmen : a well-known physicist, 
J. J. Stoney and the Rev. Dr MahaiTy, a classicist. The first condemned 
the practice of institutions in training men highly in particular, 
specialised, departments of knowledge. He approved Archbishop 
Whateley’s epigram : “it makes men as mflrrow as diey are deep.’' It 
a bad thing that thought should be guided by narrow men for it will 
result in a disintegration of studies; it should Jje the duty of a great 
University of London to counteract this disastrous trend. As at 
present organised, university arrangements direct attention too much 
to examinations; with correlative specialisation. For his part, Dr 
Mahaffy conceded that specialisation was unavoidable but urged that 
more than one subject should be studied. From personal experience 
he, too, held that University studies were too specialised. \t was, he 
thought, regrettable tnat special studies now began with the student’s 
career, for there were too many specialists. But the increase of know- 
ledge does not imply specialisation ; a great man is cultivated all round. 

In the meanwhile, Lyon Playfair had alleged that the backward- 
ness of university education and the absence of scientific facilities in 
Lfcndon meant that the best brains either did not go there or were 
soon tempted away to more advanced centres ; [9] and Karl Pearson 
.had said much the same thing when he lamented that therfi wa # s not, 
in London, a physical laboratory worthy of the capital (which, in view 
of the poverty of the two main colleges was not surprising). Besides 
the two leading institutions there were only the small Government 
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College, the Bedford Ladies’ College, a few mirier academic founda- 
tions and the polytechnics. The remote examination board could not 
possibly give a proper incentive to advanced study and it could 
give even less to sustained research effort. But, obvious thpugh the 
deficiencies were, the old London University could still command the 
loyalty of a large number of men and* women: it had always been 
“open” ; no one had ever been excluded on grounds of* religion or 
class ; it had been the*first to open its doors to women ; it had stimu- 
lated the study of English literature; it had been the first to introduce 
diplomas in teaching and it had awarded the first science degrees. 

However, the movement for t^e reform of London Umvcrsjty was’ 
now so strong it enjoyed the support of so many distinguished 
individuals as well as learned societies —that it could hardly be ig- 
nored. The truth was that the utilitarian-examination university, 
notable as its services had been, could nat meet the educational and 
scientific requirements of the times. Accordingly, an Act of 1 898 based 
on the reports of the Cowpcr Commission, instituted a Stalutary 
Commission charged with the task of implementing the proposals for 
reform. 1 Ultimately the University was reconstituted much as it is 
today: the internal division was created and the vestigial remnant of 
the work of the Utilitarians remains in the form of the External 
degiee. 

At the end of the first five years’ period the question of the uni- 
versities grant came up again. A Treasury minute of the 5th July, 
J894, reserved that the gran" was to continue but, on the 28th Decem- 
ber, *i 895, an influential deputation waited upon the Chancellor of 
the Exchequer and requested not merely renewal but, an increased 
grant as well. Thereupon the President of Magdalen College, Oxford, 
and G D. Livcing (Cambridge) were asked to inspect the Colleges 
and report on the state of the studies pursued therein. Their report 
was wholly favourable; but they pointed out that the endowments 
were too small and, in some cai^es, the staff too few; although staff- 
appointments were providing young men with valuable opportunities 
for furthering research and learning. Scholarships were neither 
liberal nor many and the regular students were middle class; al- 
though the Training College students were usually of lower social 
class. At the same time a parallel enquiry by Robert Chalmers, a 
Treasury official, showed that the only university college to return a 
surplus was Bedford College (£613) ; the total overall deficit amounted 
to some £10,000. Acting on these recommendations and findings the 
Gove/nnlent increased the Treasury grant to £25,000 a year (5th 
April, 1897). 

1 Very shortly after this, the Federal Victoria University disintegrated and the 
constituent Colleges of Manchester, Liverpool and I-eeds became Universities. 
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Fern* years before Are Cowper Commission sat, two adnyimslrative 
steps had been taken \in 1890) which were to be of considerable im- 
portance for the future of the university colleges. Elementary school 
science, wfyich had for many years been urged by educational re- 
formers like Huxley, was in that year incorporated in elementary edu- 
cation b^ a change in the educational code and provision was also 
made for manual training. In the same year, the Day Training Col- 
leges 1 whidh were attached to some university colleges were granted 
official recognition. As a consequence the number of training col- 
lege students doubled and, similar training colleges were established, 
in 1891, # at Cambridge University, Le$ds, Liverpool, Sheffield and, in 
1892, at Oxford University, Bristol, University College (London), and 
Aberystwyth. By the end of the century they had over 2,000 students 
and many oT these w^re reading for university degrees. Corre- 
spondingly the number of science departments in elementary schools 
increased from 173 in 1891 to 1,396 in 1895 (Michael Sadler and J. W. 
Edwards). [70] 

While this wab in progress, the agitation against examinations was 
contintiing. An appeal was launched ip 1888 against the "Sacrifices of 
Education to Examinations". 2 [//] According to Max Muller, ‘it 
is the best men who suffer most from the system of perpetual examina- 
tion. The lazy majority has been benefited but the vigour of the 
really clever and ambitious boys has been systematically deadened." 
It was in the natural sciences, above all, that examinations multiply 
most, thought Professor E. A. Freeman : *Jiey proMfcrate, split up or 
"specialise" and so a new "-ology" is born. With e\en moro pessi- 
mism Frederick Harison doubted whether any great historian, 
scientist or lawyer could have got a First in modern examinations, for 
he would probably lack the "smart, cocksure style of the trained 
examinee". By February 1888 over a hundred M.P.s had signed the 
protest. Sir Frederick Pollock, himself an exami ner of some experience, 
could say, ". . . wc have, indirectly discouraged every kind of intel- 
lectual activity which has not an obvious bearing on them (i.e., ex- 
aminations). . . . k Will this pay in the Schools?’ is the inevitable check 
on both learners and teachers." 

But the most determined critics of all were H. E. Armstrong and 
Norman Lockyer; at least from the scientific point of view. Arm- 
strong had spent much time and trouble over his "heuristic" system 
wtereby the student learnt chemistry by the method of discovery (so 

1 Such colleges were attached to King’s (London), Mason, Durhanj, Owen’s, 
Nottingham and Cardiff. 

2 The signatories including Samuel Alexander, Lord \rmstrong, James Bryce, 
R. B. Clifton, Sir Edward Grey, R. B. Haldane, Halforu Mackinder, Karl Pear- 
son, General Pitt-Rivcrs, G. J. Romanes and E. B. Tylor as well as many other 
public and university men. 
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far as was possible) for himself, fey being pi#, as it were, in the 
position of Black, Priestly, Cavendish, etc. ; arid, as Armstrong had 
done so much to develop the higher technological education he may, 
perhaps, be forgiven for describing examinations as “Th§ execrable 
system we have allowed to grow up. . . [12] As for* Norman 

Lockyer, the only examination, he had ever passed was one for a War 
Office Clerkship. He looked upon examination as “the poison of 
education” [13] andHhis was an opinion from which he never devi- 
ated. Lockyer had extremely liberal ideas: he saw no reason why 
university education should not be free, thereby abolishing the bane- 
ful scholarship examination system, and he looked forward to the 
future uniw rsity as resembling the medieval model ; open and patron- 
ised by wandering scholars. 

Girman Comparisons 

For a wide variety of reasons German universities were not strictly 
comparable with English ones. Accordingly when Bryce asserted that 
in 1882-3 Germany had 24,000 students to England's 5,500, he 
limited English students to those attending Oxford, Cambridge, 
Durham and Victoria ; and did not count in the London colleges, etc. 
But whether or not comparisons could accurately be made, there can 
be no doubt that the German universities did, over the middle of the 
century, undergo a great expansion ; at the same time, the philosophy 
(science and art) faculty increased within the university. Thus in 
w 1830- 1 the percentage of philosophy students was 17-7 while in 
1881-2 it was 40-3. 1 This was largely due to the development of 
science for, while in 1841 13-6 per cent of the philosophy students did 
science, in 1881 the percentage, had risen to 37-1. This increase was 
parti}, but not wholly, to be ascribed to the demand for trained 
teachers of science caused by the development of instruction in the 
Gymnasia , Realschulen and trade schools. In round figures the num- 
ber of science students had risen from 290 in 1836-45 to 3,000 in 
1881-4; more than the total of science graduates in England. 

There occurred, therefore, a rapid increase in the number of 
German students able to enjoy a scientific education superior to that 
generally obtainable in England. That this would have an appropriate 
effect on German industry was the inference that caused four veterans 
of the Technical Education Commision of 1884 — Magnus, Red- 
grave, Woodall and Swire Smith— to visit Germany in 1897. Their 
subsequent report was considered sufficiently important to be pub- 
lished as v a Blue-Book. [14] In 1884 they had been inclined to doubt 

the value of the polytechnics ; 2 now they were fully converted. What 

♦ < 

1 German Universities over the last Fifty Years , by J. Conrad, 1885. 

2 It was said that, prior to 1871, the German States had vied with one another 
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especially aroused t\ieir admiration was the magnificent yew Physics 
Institute at Charlottfcnburg: . . probably the ihosl complete insti- 
tute in Europe for physical research.” They paid proper tribute to the 
aniline ^ye industry but they were also very impressed by the 
development of*the electrical industry and the related development of 
the electrotechnology departments in, the polytechnics. In 1884 there 
had been rto electrical laboratories in Germany to rival those at the 
Finsbury Vollcge ; now we had nothing to compare with the labora- 
tories at Darmstadt and Stuttgart. Although the Technical education 
facilities for the German,worker were still inferior to those available 
in Kngjand, the German primary an,$l secondary educational machin- 
ery was much superior to ours. 1 

Prom the point of view of industrial science the most remarkable 
German achievement was still the aniline dyes industry, for it was the 
very first of the truly scientific industries ; its precedence as such over 
the new electrical industry amounted some twenty years. For this 
reason, at the end of the century, I)r Frederic Rose, H.M. Consul 
at. Stuttgart, was authorised to investigate how “German chemical 
industries have benefited from the ;unis expended by the German 
states on chemicJ instruction”. [15] 

Taking Prussia alone (the population was slightly lc<s than that of 
England and Wales), Rose found that the university philosophy 
faculties had increased from 1,155 students in 1850 to 5,528 in 1899 
while, in the latter year the Prussian government granted the eight 
universities a subsidy more than ten time* that granted to £hc English 
university colleges. In 1890 Germany had 33, (XX) fully matric-dlatecJ 
university, and ll,0M) polytechnic, students; the latter population 
having doubled in 1 7 years. With this was correlated the fact that two- 
thirds of the world's annual output of original chemical research 
came from Germany. 

Rose was informed that Germany had 4,000 liained (university or 
polytechnic) chemists in industry; the largest single employing 
industry being organic chemicals (aniline dyes, etc.) with 1,000 
chemists. 2 Carrying out a sample investigation, he found that 67 

in founding polytechnics. Consequently, upon the Bismarckian unification, it was 
found that there were loo many! While there may have been some truth in this for 
a few years, Germany soon found that she needed all her polytechnics and new 
ones as well. 

1 It is interesting to recall that Sir John Clapham maintained that the iapid 
dtvelopmcnt of the German electrical industry from J 883 onwards was, beyond 
question, the greatest single industrial achievement of modern Germany. They 
led the way in solving the problems of^lectrotcchnology and the specialised appli- 
cations of electricity. Before the 1914 war Germany was selling electric cable, etc., 
to England. 

* Other industries were : Agricultural stations and Laboratories, 700 ; Inorganic, 
250; Sugar Refining. 300; Smelting, 400; Artificial Manures, 90; Various, 600; 
etc., to a total of 4,000. (1897 : Prof. Fischer.) 
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works employed 1 chemist, 33 betwfcen 6 and 20jtand nine dye works 
between 26 arid 105. In 25 years the number ek' chemists had more 
than doubled. Of 633 chemists (employed in 83 concerns), he found 
that no fewer than 436 were university Ph.D. graduates. 

These figures give ample proof that applied science, properly 
speaking and as defined above (p. 11), had been achieved in Germany 
long before the end of the nineteenth century. It had all be^un in 1862 
with the founding of* -the aniline dye industry; but --and the qualifi- 
cation is important— there was behind the industrial scene the great 
educational system of the country and, not jeast, the original Giessen 
laboratory of 1825 and the viyon of von Humboldt. Science was' 
being directly and systematically applied to industrial problems, 
exactly as Piayfair had envisaged at the time of the Lxhibition. There 
was, then, some substance in Ostwald’s boasl to Sir William Ram- 
say : “‘The mam point of our system maybe exptessed in one word- 
freedom— freedom of teaching and freedom of learning. . . . Asdor 
the inventive man of original ideas, it has often been proved that for 
him any way is almost as good as any other for he is sure to do his 
best anywhere." Ostwald described how the student performs his 
original research : . . he generally learns much more than he has 

heard at lectures. Every part of the investigation forces him to revise 
the scientific foundations of the operations he performs." With con- 
siderable justice, Ostwald concluded : “The organisation of the power 
of invention in manufactures and on a large scale is, so far as 1 know, 
unique in Jhe world’s history, and it is the very marrow of our splendid 
"development." 

Measured by the scale of national industry the number of German 
chemists is, no doubt', small. But their importance lay in the future; 
the number of industrial chemists is now far from small and their 
national importance is infinitely greater. The credit, therefore, be- 
longing to German chemical industry was that of pioneering applied 
science on a notable scale. I he subsequent development of the 
German electrical industry is, in this sense, less outstanding. They 
already had their universities, polytechnics and trade schools with the 
correlative professional scientists and they had the example of the 
chemical industry what could be achieved immediately before 
them. In fact, it would have been remarkable had they not been able 
to develop a highly scientific electrical industry. 

The achievement was, as Ostwald claimed, substantially unique. 
Only the French efforts at the time of the Revolutionary Wars can be 
said, rn some measure, to have anticipated the German development 
of applied science; but the former was artificially stimulated and 
once the central incentive lapsed the effort subsided ; the latter was a 
natural development, not depending on inspired government but on 
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the organisation oi society. As such it marked a.revqlutionary stage 
in the development of industry, and once the uniqueness of the event 
was recognised German pride and foreign envy became the order of 
the day .^Sometimes these emotions were carried a little too far; thus 
MichaqJ Sadlcr'could write, in 1899, “The organisation of modern 
life in Prussia has been domifiated by Scientific conceptions ; not, that 
is, by any # cxclusive regard for physical science in its narrower sense, 
but by those ideas of exact and co-operative enquiry and endeavour’ 
which have been so brilliantly illustrated, and therefore so powerfully 
enforced, by the advance of modern science.” The initial cause of 
German scientific greatness was nJt, according to Sadler, efficient 
organisation “but an intense and self-sacrificing enthusiasm for 
truth”. 

The Prussian way df life, scientific or otherwise, has passed into 
history. But the second of Sadler’s generalisations is more plausible; 
we may compare it with the words uscd’by A. W. Williamson in his 
presidential address to the British Association of 1S74: the 'act that 
somiquy Tnglish scientists wete then of independent means ‘"proves”, 
thought Williamson, “how true and* pure a lo\e of science exists in 
this countiy l.»u Fnglishmen will cultivate it when it is in their 
power to do so”. We must agree with Williamson ; a gieat and self- 
sacrificing love for truth was repeatedly demonstrated by British 
scientists: witness Faraday, Joule, Dalton, Darwin and many others. 

I am not concerned to make geneialisations as to national charac- 
ter; I am only concerned to show that rt ny such may be fnisleading 
when applied to science and those who cultivate it. The trutn would 
seem to be that Germany built up an organisation which was liberal 
enough to accommodate and intelligent enough to foster the activities 
of truth-loving and knowledge-seeking Germans. The truth-loving 
Englishman, on the other hand, had to make his own way in the 
world and had no shielding or fostering organisation. This was not, 
perhaps, entirely to be deplored. 

Applied Science in England 

The real beginning of true applied science in an organised manner 
in England dates, it seems, from 1892. In November 1890 a “rational- 
isation” of the chemical industry resulted m the creation of the 
United Alkali Company, an organisation which included some 48 
liftns in Scotland, on the Tyne and in Lancashire, and was under the 
presidency of Sir Charles Tennant. The Chief Chemist of the new 
concern was Ferdinand Hurter who had previously been Cnemist to 
the Guskell-Deacon tirm. Hurter^ a Swiss and t product of Heidel- 
berg University and the Zurich Polytechnic, had contributed greatl) 
to the development of the Deacon chlorine process. He was a true 
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scientist and pr Hardie the historian of the chemical indu&try at 
Widnes, 1 tells us that, prior to 1 892, “Thermod/namics were particu- 
larly useful in Hurter’s hands for the calculation of heat wastages in 
the various LeBlanc processes anci in the determination o^the opti- 
mum temperatures for the reactions they involved. It must be 
remembered that what is today routine procedure was, jn Hurter’ s 
time, almost unknown: his application of the principle^ of ‘pure’ 
science to the presses of manufacture was, in great measure, the 
work of a pioneer” (p. 1 69). 

One of the first actions of the new combine was to investigate the 
possibilities of establishing a central research and analytical labora- 
tory. The plans Hurter drew up were approved and, by 1892, the 
laboratory was at work. The first staff numbered “half a dozen 
chemists, a general handyman and a confidential clerk” (p. 176). 2 The 
first applicant for appointment under Ktirter was H. Auer, also of 
Widnes and like Hurter him .elf a product of Zurich Polytechnic. 

As Dr Hardie says, the idea of a research institution in connexion 
with industry was, in 1892, revolutionary (in England, at any rate); 
and there is too much truth in a quotation he makes from 7 he Times , 
that “the chemical industry owes nothing to the historic educational 
institutions of this country” (but something to Giessen, Zurich, etc.). 

With regard to physics and its associated sciences the development 
was even slower. In one sense of the word a physics laboratory had 
always existed in the Royal Observatory at Greenwich and there was 
.also the Observatory at KeW, maintained by the British Association, 
but endowed in the first place by J. P. Gassiot, a wealthy amateur 
and a President of the Royal Society. But these were not industrial 
laboratories. The first hint of anything in the field of physics ana- 
lagous to Widnes comes from two electrical firms who referred 
secretively to their “laboratories”. But, on examination, the latter 
turned out to be on a one-man scale with the function of testing 
instruments. 

The desirability of establishing state physical (and chemical) 
laboratories had, of course, been argued by Colonel Strange; and 
Kelvin had taken the matter up at the 1871 British Association meet- 
ing at Glasgow; alluding to the fatal neglect of science by the British 
government and to the disgrace of allowing such an important 
national activity to be the responsibility of “self-sacrificing amateurs”. 
Although the Devonshire Commission had endorsed these views file 
next step had to wait until 1891 when Oliver Lodge, speaking at the 
British Association meeting at Cardiff, aroused the interest of Douglas 
Galton in the proposal. 

1 A History of the Chemical Industry at Widnes , by Dr D. W. F. Hardie, 1951. 

* Seep. 131 above. 
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In tfte meanwhile *hfe Germans had, in 1895, opened the Physikal- 
isch-Teknische Rcichfcanstalt at Charlottenburg ; the Berlin suburb in 
which was also located the famous polytechnic. The Reichsanstalt 
owed its .foundation to the foresight of Helmholtz and was built on 
land givjm by thfe industrialist Werner von Siemens ; although it was, 
of course, ^ state institution. The first'President was Professor Kohl- 
rausch, aryd among the early workers at the institution were Lummer, 
Pringsheim and Brodhun, who are known for fhq|r contributions to 
photometry. The total stall' was between 70 and 80. 

. The reaction of British scientists like Gallon and Lodge was im- 
mediate ; they enlisted the aid of the politically influential and scienti- 
fically eminent Lord Rayleigh, [16] and a deputation was formed to 
wait on Lord Salisbury, who, as a man of science, could be expected 
to be sympathetic. This led to a Treasury Minute of 3rd August, 1 897, 
authorising a Committee, ‘under the chairmanship of Lord Ray- 
leigh, to consider the proposal for a National Physical Laboratory. 
[17] The result was, perhaps, a foregone conclusion: the renmmen- 
datioy was for the establishment of a laboratory to maintain stan- 
dards of national importance and for the testing of scientific instru- 
ments, etc. But l odge saw a little fuither than this: “What I 

advocate has something more to do with advancing work in new 
directions than with stereotyping existing practice". 

The development of the new laboratory was somewhat restricted 
by shortage of money, for it was, at first, more like an educational 
foundation than a state laboratory. It wA not incongruous therefore* 
that, in 1909, Sir Julius Wernher gave £10,000 to enable extensions to 
be made to the metallurgical laboratory : and AJfred Yarrow donated 
£20,000 to endow the famous test-taak. 

Bearing upon these applied science developments of the last years 
of the century was Lyon Playfair’s last service lo science. \s Hon- 
orary Secretary to the Royal Commission of 1851 (1883-9) he had 
been largely responsible for converting the annual deficit of £2,000 
into a surplus of £5,000. The problem then arose, what was the best 
use that could be made of this money? To decide this question Play- 
fair, Roscoc, Huxley, Mundella, Lockycr and William Garnett were 
elected to a small committee under the chairmanship of the first 
named. At Playfair’s request Lockyer drew up a scheme of scholar- 
ships, the essential condition of which was that they were to be 
awarded for research and not for “instruction”. (Partly, thi% was a 
manifestation of the revolt against examinations.) The scheme, 
adopted in June 1890, was the* start of the celebrated Exhibition 
Fellowships which later served as models for all subsequent research 
fellowships in all fields of learning. The Exhibition Fellowships were 
almost immediately successful^; among the first to hold one was young 
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Ernest Ruther/ord^ and since then many other leading scientists 
started their careers in this way. The interest a(taching to the small 
committee is that four of the six members — Playfair, Roscoe, 
Huxley and Lockyer— did more for the cause of the advancement of 
pure and applied science than did any other four inen during the 
period 1800-1914. Three of them had 'been teachers at 4 the Royal 
School of Mines. 


Tm Tr\oiiNG Prom ssion 

To summarise the position reached by the end of the nineteenth, 
century: there was undoubtedly^ increasing number of posta avail- 
able for the scientific technologist; for the works chemist and ana- 
lyst, the electrical engineer and electrolechnologist. Put for the 
“pure” chemist with research interests there Were very few oppor- 
tunities: the industrial research laboratofies were then only in their 
infancy. For his colleague* the physicist, there were even fewer 
chances, for the first industiial physics laboratory had not then been 
founded in England. 1 

There is, of course, one otherdicld which offers vocational oppor- 
tunities for the professional scientist. This is the teaching profession ; 
either in University or Technical College, Secondary or Elementary 
School, and it was in this profession that the general employment of 
highly trained scientists first became common. 

Broadly speaking, there were four senes of major educational 
reforms iivthe closing decades of the century which were greatly to 
augmefit the vocational opportunities for the natural scientist. The 
first of these, in time r was the redistribution of school endowments 
under the Endowed Schools Act of 18b7; this reform provided in- 
creased opportunities for the London and provincial graduate. A 
committee of London University had found, in 1879, that “Among 
the graduates of the University of London, in the faculties of Arts and 
Science, there is probably a far larger proportion engaged in teaching 
than among those of the older Universities. An increasing number of 
Headmasterships in the schools reorganised under the Endowed 
Schools Act, and especially of Science Masterships are year by year 
obtained by London graduates". Unfortunately English secondary 
education was at that time very unsystematic, and statistics of the 
distribution of masterships do not exist. It is not, therefore, possible 
to do more than accept the University’s statement at its face value. * 

Another field of reform was related to the growth of the technical 
college ; the product of the great technical instruction movement which 
arose from Playfair’s agitation. The effects of this on the educational 

1 Although Edison had founded one (in the U.S.A.) some twenty years previ- 
ously. 
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landscape were well described by a Chief Inspector in an official 
report of the Board bf Education issued at the very beginning of the 
twentieth century. [/<$] The Inspector, C. A. Buckmaster, believed 
that: “Nothing in English education is more remarkable than the 
manner in which special institutes for the purposes of science, art and 
technical york have sprung* up all c/vcr the country during the last 
twenty ysars. When 1 began work asjan inspector there were scarcely 
half a dozen buildings which had been erected’pa manly for the pur- 
pose of science teaching. Most of the classes attended by older 
students were held in *Mechanics| Institutes, in mill or factory 
premiss, in elementary schools or chapel buildings. In almost all 
cases the teachers depended upon the grants from the Department 
for their remuneration and it was largely owing to the enlightened 
self-interest of the teachers that the classes owed their existence'’. 
This was a remarkable and apparently unsolicited tribute to the 
efforts and achievements of the pioneers of the Technical Education 
movement. Backed, as they were, by State, municipal ar.J Livery 
Companies grants, these new colleges were able to offer teaching 
posts to the science graduate; as Plftyfair and James Hole had fore- 
seen some thuiy year., before the movement commenced. 

First in importance were the London polytechnics; in 1898, 
Sidney Webb [19] found that, at the Battersea Polytechnic, science 
graduates were doing original research and the laboratory enjoyed a 
grant from the Royal Society; while at Chelsea Polytechnic a Mr 
Tomlinson, F.R.S., was running a research class. By thaf time some 
50,000 students attended the polytechnics and a number of these 
aspired to a London University degree. In the session 1896-7, 100 
at least were embarked upon post-matriculation science degree 
courses and, in 1897, at least 12 London degrees were gained by poly- 
technic students. 

The Royal Commission on Secondary Education 1 (1895,' found 
that an increasing proportion of men and women teachers in second- 
ary schools were being drawn from the universities. [2^] Thus of 
720 students who left Newnham College between 1871 and 1893, 374 
became teachers ; while of 29 women graduates of Victoria University, 
21 became teachers. In the second grade schools in the London area, a 
large number of the teachers were London graduates and, in the third 
grade schools and organised science schools generally, most of the 
graduate teachers had been trained at either London or provincial 
colleges. The Commissioners fpund that of 2,958 public secondary 
school masters, 1,459 had been trained at the older universities, 288 
were* London graduates, while tjie remaindei were from provincial 
or foreign colleges. Of the 388 undergraduate masters, 267 were 
1 The Chairman was James £ryce. Roscoe was among the members. 
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candidates of Condon University. It was alsb 'noticed that Head- 
masters and those in authority increasingly demanded graduate 
teachers, and that competition for educational employment was now 
severe among graduates. 

Of the 4,222 students at Oxford and Cambridge, 2,435.(58%) 
came from the public schools. There we’re 1,440 scholarship holders 
but only 449 were from other thi| n public schools. At Victoria, on the 
other hand, of 901 students, only 138 (15%) were from public schools. 
There were 236 scholarship holders, but 204 of these came from other 
than public schools. Evidently very few* working-class students 
reached the older univeisities aiVd not very many more got fcj Vic- 
toria. A veiv substantial hindrance was the paucity of secondary 
scholarships before 1900. 

Two years after this Commission, a determined attempt was made 
to assess the state of secondary educatioh in the country. [21] All 
types of secondary schools --endowed, subscribers, companies, local 
authority and so-called private-venture schools — were circularised 
and asked to give details of staff, pupils, etc. Combining the numbers 
of men and women teachers in->boys\ girls’ and mixed schools, we 
find the following distribution of graduate teachers : 

Visiting Non - 

Graduates Graduates Graduates 


Private Venture 

2,884 

Subscribers 

352 

Companies 

•' 498 

Endowed 

2,320 

Local Authority 

152 

Totals 

6,206 


making a grand total of 8,144 graduate teachers in secondary schools. 
This figure may be a little too large as it is possible that some of the 
visitors were also counted as regular teachers in other schools or 
might have been visitors to more than one school. It is, of course, 
extremely difficult to estimate how many of these were science 
teachers. In some cases the proportion must have been small ; notably 
at the traditional public school. In other cases, as at the Organised 
Science Schools, it must have been much higher: too high, perhaps, 
for a balanced curriculum. If we assume the arbitrary fraction of one- 
eighth — it can hardly have been less — then there would have bedn 
some 1,000 science graduates teaching in the secondary schools; and 
this is a number greater than those highly trained graduates who 
could have been employed in industry at that time. It is certainly 
much greater than the number who could have been employed in true 
applied science ; in the industrial research laboratory. 
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It remains to add that, as a result of these findings $nd # as a conse- 
quence of the initiative of men like Bryce, Sadler, Magnus, Roscoe 
and many others the reform of the secondary education of this 
country yas taken in hand and, after the Education Act of 1899 and 
the Balfour Act of 1902 the new system of State secondary schools 
was set up* * i 

But secondary and technical scholls and colleges did not provide 
the only educational openings for lie science graduate. He shares 
with his colleagues in the arts faculties the opportunity of university 
teaching and at this timc*the uni verities and university colleges were 
on the^ve of their great expansion ; an expansion enabled on the one 
hand by increasing State aid for higher education and, on the other, 
by the advancement of social welfare legislation. 

The London Colleges had, from the time of their foundations, 
drawn their professors of rftatheinutics and natural philosophy chiefly 
from the ranks of Cambridge Wranglors. By 1877, Henry Latham 
was able to claim that the Tripos had become a professional educa- 
tion *in mathematical physics and that high Wranglers were now 4 
assured of good scientific posts. Lnlhain was referring to teaching 
posts in the new university colleges which, from 1870 onwards, were 
being founded in increasing numbers. Indeed, Latham had himself 
proposed, to the Devonshire Commission, the creation of new col- 
leges, with consequent teaching posts, to increase the number of men 
willing to take university science courses. In later years, as more 
students were able to enter the universities, so the numbeaof teaching 
staff was increased Of course, the number was very small Th com- 
parison with those engaged in junior teachyig, but the university 
teacher was able to carry out research and this was of great import- 
ance in the later development of applied science. It meant larger and 
better equipped laboratories together with research student^ working 
for the M.Sc. and D.Sc. degrees; and such men are potential applied 
scientists. 

At the opposite end of the educational ladder the elementary 
schools now offered suitable teaching posts for science graduates. 
Two factors made this possible; there was the provision made in the 
code of 1890 for extended science teaching in the elementary schools 
and there was, in the same year, the recognition by the education 
authorities of the Day Training Colleges attached to universities and 
finiversity colleges. This was to be of great consequence in the peace- 
ful years of the early twentieth century, affecting profoundly the 
development both of elementary schools and of universities. 

Fallowing the discovery by the Departin'* *t in the 70's and 80’s 
that the great nationaJ want was competent teachers of science, and 
the reorganisation of*the South Kensington College with a view to 
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overcoming th^t want, there occurred a sudden and sharp rise in the 
number of applicants for admission to that e^fcellenl College. The 
numbers of Government (i.e., State Scholarship) students rose from 
25 in 1 872 to 94 in 1 885, when there were 1 36 fee-paying students, and 
rose again to 189 in 1895, when there were 1 19 fee payers. [22]*The 
proportion of scholarship holders was/ therefore, far higher at the 
Royal College of Science than ait any other comparable educational 
establishment. Not, all these Government students were teachers in 
training; there were also the Royal Fxhibitioners and National 
Scholarship holders; but many of these, ahhough under no obliga- 
tion to do so, subsequently took \ip teaching. In fact in 1 898 Norman 
Lockyer [2J] estimated that not less than three-quarters of all Gov- 
ernment-aided students became teachers. This would mean that, in 
1895, there must have been at least 140 would-be teachers out of a 
total student body of 308; and as some Of the fee payers must also 
have become teachers of oncsort or another, it is at least plausible to 
conclude that the majority of R.C.S. students subsequently adopted 
that profession. In addition to these regular students there wer. A , the 
summer vacation courses for teachers. These were, at the end of the 
century, usually attended by between 150 and 200 science teachers. 
Taking these figures together it is clear that the main function of the 
R.C.S. was that of a Normal School. 

Summarising the teaching profession, therefore, we conclude that 
the openings for the scientist were: 0/) University teaching, the 
opportunities being few but yearly increasing in number ; ( h ) Second- 
ary antr(c) Technical education; the first being complicated by the 
peculiar class structure of the soi-disant public schools, but certainly 
the vacancies here were not inconsiderable, and, again, the number 
was increasing. As for technical schools boin of the Technical Edu- 
cation movement, there too was an expanding field ; (d) Elementary 
education ; either under the Department in the sciences classes, or 
under the educational authorities created by Forster’s Act and hence 
in the Board Schools. 

The conclusion that can be drawn from these facts is that education 
provided the best opportunity for the highly trained science graduate. 
Applied research, either in industry or under government could not 
offer anything like the same number of posts, and it is very unlikely 
that industrial technology could offer any comparable opportunities 
to the pure science grad uate. 15 
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CHAPTLR VII 


PHE NEW CENIt/jRY: J900-I918 

I t is not easy, for the casual observer at least, to shake off the sus- 
picion that, by 1000, England h'Jd shpped badly in the “struggle 
for existence". The humiliations of the Boer War, on the national 
scale; the criticisms of Wells and other observers of the social scene 
and the gloomy prophecies of Karl Pearson and his eugenists on the 
subject of national degenei acy, do not leave that happy impression 
on* the mind that present nostalgia tends to evoke. On the narrower 
sector of science and technology the prospect was also unpiomising. 
Ihejicw applied science industries lud left this country, or else had 1 
never been started here In the naiuial sciences it could haidly be 
doubted til d* in. !:ad was Gci many's, while in technology the enor- 
mous possibilities of the internal combustion engine for example, 
were being developed by the french, the Germans and the Americans. 

The industrial development of continental countries was, from the 
very beginning, inevitable. But competition should stimulate effort 
while penalising undue regard for old method and unwillingness to 
enter new fields not sanctioned by tradition. Imfortunaiely^by this 
time the new fields were those of’ applied science and scientific tech- 
nology and they were of progressively increasing importance: as 
Lyon Playfair had predicted, half a century before. 

On the credit side there w T as a loosening of dogma, a growing 
recognition that the problem could be tackled in a scientific manner 
and was not merely a question of general and quite futile "\horta- 
tions. Lockyer, writing in 1901, compared our position at the begin- 
ning of the new century with what it had been in 1801, at the outset of 
the railway age now, the chief London electric railway was Ameri- 
can. He asked the question, as a good scientist should : . . is there 

no scientific method open to us to gel at the real origin of the causes 
which have produced the present anxiety?" Pointing to the German 
tducational system he remarked that : “Here we tried to start chemical 
industries practically without chemists , as Mr Perkin has Icfld us. In 
Germany they are now carried*on by scores, in one case xftore than a 
hundred, of the best trained chemists the country can produce, in 
research laboratories attached t© all the great works". [7] 

The paradox that England, the first country to be industrialised 

147 
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was the last to achieve national education, was stressed by the con- 
temporary dbsdrver'Fabian Ware. [2] The reasons Ware adduced for 
this: the struggle between oligarchy and liberalism, the absence of 
national challenge and so of national purpose, and the current doc- 
trine of self-interest may well be valid ; but they do not tell us in what 
way the educational endeavour failed. To this question he returned 
exactly the same answer as Mathew Arnold : that it failed jn that it 
did not diffuse a knowledge of icience among those who controlled 
the new forces introduced in in^ ustry by the discoveries of science; 
and this was due to the inability o cope will the problem of second- 
ary education, conceived not as \echnical instruction, nor as formal 
classicism, but as an education fitted to the natuial development of the 
pupil. The answer for Ware, as for many others, lay in the secondary 
school. It did not lie elsewhere, for we had primary education and 
we had technical education- more, in fact,- than the Germans had. 

Arthur Shadwcll was another writer who wanted to soft-pedal the 
technical education movement and to direct attention to the produc- 
tion of “the officers, not of the rank and file” as they had done in 
Germany. For the future we mus 1 look to the newer universities and 
the recent science departments at the older foundations, notably 
Cambridge. “With the uni\crsities, the National Physical Laboratory 
and the coming Imperial College at South Kensington, it is not the 
schools that we lack now, hut the scholars.” [J] Shadwell was a great 
admirer of the “scientific” Germans ; he ascribed their industrial suc- 
cess to the fpresight of their manufacturers who had long ago realised 
the valre of highly trained men in industry and had so created a 
demand for them. He did not try to find out, still less to explain, why 
the Germans may h^vc been so enlightened ; and it can hardly be 
said that his observations were in advance of those current among 
scientists and industrialists forty or fifty years before. 

It was generally recognised that the new century would call for new 
techniques and new ways of thought. While The Times and other 
papers were discussing what they felt to be an alarming decline in 
national intellect, Joseph Chamberlain was asking for new Kelvins [4] 
and for more universities as vital ramparts of our industrial defences. 
[5] The physiologist fc\ H. Starling also demanded the foundation of 
new universities when he pointed out that future competition would 
be “not for lands but for control over the forces of nature”; for the 
sake of industry pure science must be advanced. [6] In the same corn 
text Balfour had asked the questions : “We, the richest country in the 
world, lag behind Germany, France, Switzerland and Italy. Is it not 
disgraceful? Are we too poor or are we too stupid?” [7] But the issue 
was put most succinctly by Sir William Huggins, in his 1902 Presi- 
dential Address to the Royal Society. [8] Granting that there was 
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little demand for applied scientists and higher technologists and that 
the leaders of the nation were mainly ignorant of science, Huggins in- 
ferred that this must be due either to a defect of character or to a 
defect of education. He concluded<quite simply that it must be due to 
the latteu 

Tfie fie\t challenge was made by Norman Lockyer in his Presiden- 
tial Address to the 1903 meeting of tl £ British Association. Outlining 
German Success, he deduced as th<j causes of our failure, the in- 
sufficiency of universities, the negletl of science fn schools and uni- 
versities and the consequent ignoranJc of it in the Civil Service and in 
’commerce. The remedy was the State endowment of universities and 
the foundation of at least eight new ones At the same time he pro- 
pounded his educational theory: it is not instruction we want, it is 
research: fcfr research is the most powerful instrument of education 
we possess. He had, he continued, been thinking for some time about 
the^dcsirability of founding a chamber o r guild to advance the cause 
of science; but he had recently discovered that the British Association 
itself was, in the first instance, founded for that very purpo^.e (see p. i 
47). Therefore he believed that the Biilish Association should take 
upon itself the l M »*den of science as a national interest. 1 

Another active propagandist at this time was Philip Magnus. He 
had an interesting couliihution to make at the Oxford summer school 
of 1903. [ ( >] “1 or the successful application of science to industry it is 
essential that a country should possess an army of highly trained and 
intelligent scientific men capable of dupcting the different kinds of 
engineering work, and of constituting what is so much nccd&d— aif 
intelligence department to every factory.” Magnus certainly had the 
modern idea : “before long the laboratory will fie regarded as a no less 
important part of a factory than the drawing office or counting house.” 

Also arising from these discussions was the action of the L.C.C. 
Technical Education Board in setting up, in 19ud, a sub-comnuftce to 
investigate the application of science to industry and to throw : ight on 
the way in which certain industries, especially in the London area, 
had been lost to foreign countries. Besides officers of the L.C.C. this 
sub-committee included Mrs Bryant, Sir Philip Magnus, Sir Owen 
Roberts, Graham Wallas and Sidney Webb. They carefully ex- 
amined a large number of scientific witnesses 2 and delivered their 
report in the July of that year. 

Although he was not able to persuade the Association to act as a public 
sponsor of science, he did, as the next best thing, succeed in founding the British 
Science Guild. , . 

2 J. I 7 . Swan, B. Samuelson, Roscoe, F. Clowes, J. Dewar, J. T. Mertz, W H. 
Perkip, W. Ramsay, T. T>rer, R. Meldola, G. T. BHby, T. H. Thorpe, Vv. E. 
Ayrton, H. E. Armstrong, J. 1 cvinstoin, A. Siemens, H. Jackson, H. Bell, A. 
Rucker, A. H. Green and G. Paiker, with written rcpoits from M. J. M. Hill, 
Prof. Cormack, Prof. A. Fleming, Prof. Lunge and B. Seebohm Rowntree. 
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Our relative failure was, they found, due to our defective educa- 
tional system and io the superiority of foreign scientific education. 
This was most marked, in its effects, in the chemical, optical and 
electrical industries, and they put forward four particular causes to 
account for this : 

» 

(1) Lack of scientific training of manufacturers resulted in inability 
to understand the value of scientc. 

(2) Bad secondary' education meant that few were really lit to 
receive advanced technological jiducation. 

(3) An insufficient supply of jfmng men properly trained in science, 
and in the techniques of applied science. 

(4) An absence of a higher technical institution sufficiently well 
endowed to enable it to give adequate attention to postgraduate and 
advanced work. 

But the worst deficiency, they fell, was in secondary education : “In 
the majority of secondary schools the curriculum has been so ham- 
pered by the exigencies of examining authorities and of examinations, 
that the teacher has been compelled to devote undue attention to 
storing the minds of the students with facts for reproduction at the 
expense of the time which should be devoted to stimulating their 
reflective powers and making them think. In after life those who enter 
upon industrial pursuits too often regard science with distrust, and to 
some extent this distrust is merited, owing to the insufficient prepara- 
tion and training of those who offer themselves for responsible posts 
in scientific industries/’ 

The London University colleges were hampered, they thought, by 
lack of endowment, accommodation, teaching power and equipment 
and by the inadequate preparatory training of the students on entry. 
They believed that the highest grade of technical instruction should be 
in a day institution and not in the evening polytechnic. 

The main need in London, they continued, was for co-ordination 
of the highest grade teaching and post-graduate work. For those who 
were going to be leaders in scientific industry they strongly recom- 
mended a course of education which would include a general 
secondary education, classical or modern, up to 17 or 18, to be 
followed by three years’ work for the B.Sc. degree and rounded 
off with two years’ post-graduate research for the D.Sc. degree. In 
the meanwhile we continued to be held back by our inferior secon- 
dary education and the lack of facilities for advanced training and 
research. * 

Together with the industrial and university chemical laboratgries, 
one of the most admired of German institutions at that time was the 
great polytechnic at Charlottenburg. In July 1903 the flattery be- 
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came "quite apparent when Lorii Rosebery wrote to Lord Monks- 
well, [10] Chairman of the L.C.C., outlining a scheme fcfr a London 
“Charlottcnburg” and promising aid from private individuals if the 
L.C.C. would give its support. The Council approved, and a sub- 
committee was appointed to draw up a scheme to include the R.C.S., 
the R.S.M. and the C. & G. f. CcntraLTechnical College. The Council 
offered ^2t),000 a year grant and, 'to explore the possibilities, a 
Departmental Committee under Sir Francis Ntowatt, and later R. B. 
Haldane, sat for two years (1904-t>). In their report they recom- 
mended the fusion of the%South Kenlpngton Colleges and the building 
of new. premises. The Board of Education agreed to hand over the 
two State Colleges which thus underwent their final mutation to be- 
come the Imperial College. 1 his may be described, not unfairly, as 
the third attempt to found a Technical University. 

In 1908 a Board of Governors was elected, a Rector appointed and 
thef Charter of the Imperial College granted. In March of the follow- 
ing year a Royal Commission was appointed to consider the relation- 
ship Jh'ai was to exist between the new College and the recently 1 
reorganised University of London, jjnd also to consider the facilities 
for research : n 1 endon. f or four years this Commission examined 
London University with a zeal and thoroughness that that university 
had been wont to extend to the candidates for its honours. They did 
not limit themselves to Imperial College, but investigated every 
mode of education in London above the school level, including the 
medical colleges, legal education and <he polytechnics. While the # 
results were hardly in proportion to the effort, it was decided that Im- 
perial College, “founded to give the highest specialised instruction 
and to provide the fullest equipment for the most advanced training 
and research”, must be the London Charlotlenburg. [//] The ab- 
sence of definite technical instruction in England caused “a want of 
co-ordination between science and industry /I hat want must be cor- 
rected by Imperial College”. 1 

Universities -The Continuid Trend to 
Specialisation 

It is sometimes suggested that the present “narrow” specialism of 
degree studies is the consequence of the intrusion of science in the 
university syllabuses, the demands of industry and the rise of applied 
science, which developments, it is implied, stand in sharp contrast to 
the older educational traditions'of broad and liberal studieS. Enough 
has been said above, I think, to show that suc> views are oversimpli- 
fications of a complex master. The trend to specialism was clearly 
1 Cf. Lyon Playfair (p. 68). 
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apparent long before these changes'and “reforms” had takemplace, 
before “nrfturhl”-^or progressive — science had ever entered the 
educational syllabus. While it was perfectly possible, indeed cus- 
tomary, to enjoy a liberal education in the universities and colleges of 
a century ago, the greatest honours went to the specialist. Indeed, the 
very name and certainly the nature of theMong established “Honours” 
system imply specialisation. \ 

When we last considered the^ London B.Sc. the requirement was 
that, at the second B.Sc. sta&;, the candidate should select any 
three of the natural science subjects or logip and moral philosophy 
after which, having passed this examination, he could take honours in 
his chosen object- -mathematics, chemistry, physics, etc. By 1900 he 
could, at Inteimediatc level (as the first B.Sc. examination was now 
called) select three subjects and, if a physical scientist, was under no 
obligation to pass in general biology. The Pass degree still required 
three subjects as before, ancj if Honours were taken it was necessary 
to pass in two other subjects. By 1910 the course had again been 
altered: the interval between Intermediate and Pinal had lengthened 
and, while the Pass degree still Required three subjects, the Honours 
candidate was obliged to follow a different course, studying his 
principal subject together with an approved subsidiary. So much for 
the evolution of the London degree. It may be accepted that the other 
universities followed more or less the same pattern. The peculiar 
irony is that the much feared Dutch-auction of degrees did not take 
place; in fact, the opposite occurred; there has, if anything, been a 
competition upwards. 

Naturally questions continued to be asked as to whether this was 
the right policy. Sir^Nfornian Lockycr, like H. L. Armstrong, con- 
tinue*! to be a bitter and unrelenting critic of examinations; for 
Lockycr, of course, research was the mode of education. He was not 
alone in maintaining this, for Sir William Huggins, O.M., 1 Lockycr’s 
fellow astronomer, had demanded that teacher and student be less 
“shackled” by the hampering fetters of examinational restriction. 
Students, according to Huggins, should have greater freedom to 
learn and to do rcseaich (he commended the post-graduate Uni- 
versity of Johns Hopkins). The dry bones of academic reading and 
examination need the living breath of research, the mind must find its 
own way best suited to its powers : “The creative use of imagination 
is not only the fountain of all inspiration in poetry and art, but is also 
the source of discovery in science and, indeed, supplies the initial 
impulse all development and progress.” (Presidential Address to 
the Royal Society 1902). 

1 Huggins was, with Kelvin and Rayleigh, one of the first to be awarded the 
O.M. 
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Three years later Sir Arthur Schuster could say that “It is much 
easier to teach if vou make the accumulation of* knowledge the 
primary object, am? it is so difficult to test by examination anything 
except the possession of knowledge. . . ." Disliking the competitive 
clcjncnt* induced by written examinations and wanting to use re- 
search as a means of higher education, Schuster propounded his 
philosophy of university education fn the following terms: “The true 
function of a university can only cqme into play when the student is 
made to work in a restful spirit which excludes anxiety. . . ." [12] A 
point of view very different from Sjchuster’s was taken by Sir Oliver 
Lodge, who greatly disapproved of the disintegration caused by 
highly specialised studies. Lodge wanted a general cultural education 
rather than the high specialisation by then achieved; an ideal with 
which Sir William Ramsay agreed. [/ j] 

Some reconciliation cf these positions was attempted by Philip 
Hartog. [ J4 ] Lodge’s general course, yarlog maintained, could best 
be achieved at the secondary school. But secondary education is 
defective because {a) the secondaiy teacher has very rarely had any 
research experience and (b) because he is overworked, underpaid and 
insecure, Fx'n* Nations can be considerably improved; for example, 
papers which award equal marks for essential and unessential 
questions, and have pass marks of only 30-40 per cent arc bad, but 
these flaws can be considerably remedied. 1 or most science men of 
18-22 years of age, research work is desirable; if you do not give 
them time to do this you may steriliscfctheir original faculties utterly. 
And, continued Hartog, “the attitude of continually working To 
please other people instead of working to please and satisfy one’s 
own mental requirements and critical power, is the attitude syste- 
matically encouraged at the present day by English secondary and 
university education, taken as a whole." 

Six years later llartog returned to the question of examinations. In 
an interesting and carefully reasoned paper, read before the Society of 
Arts, 1 he likened the examination system to an artificial nervous sys- 
tem controlling our educational institutions. [/5] The competitive 
element leads us to forget the distinction between the efficiency of ail 
examination and its difficulty. Examination enthusiasts say, “This 
examination is better than that for it is harder to pass." Should we 
not, reasoned Hartog, rather ask : “Is the man who passes it a more 
•useful member of society?" This question is most important when we 
come to deal with technical examinations: when we are concerned 
with the training of teachers, lawyers and industrial cheftiists. When 
welcome to consider “culture" it is very possible that sensitiveness 
and responsiveness sulTe/ injufy from the intellectual repression re- 
1 Lord Curzon took the Chair. 
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quired for the examination syllabus: “at every step the deHcate 
feelers of the'mihd afe paralysed by the suggestion, ‘I am wasting my 
time in going farther; that won’t be asked.’ It may be held, and f 
should agree, that culture is as individual a thing as conscience; that 
culture may be killed, that it cannot be caught, by examinations.” 
Hartog’s investigations of examinations left him very unsatisfied, and 
he felt justified in calling for a Rbyal Commission to investigate the 
problem. In this he ^*1 the support of Dr H. A. Miers (Principal 
of London University), Professofc John Adams, Sir Arthur Schuster 
and Michael Sadler. This waskthe second time a Royal Com- 
mission on Examinations had been called for; the first occasion 
was during the agitation of 1 888 ; but in neither case was the demand 
fulfilled. 

Thus on the eve of the Great War there were many men, and some 
of them very eminent indeed, who had criticised or were criticising, 
the written examination system as applied to higher education. 
Among the chemists Roscoe, Ramsay and Armstrong; among the 
physicists Kelvin and Schuster; among the astronomers lockyer 
and Huggins had all at some time or another expressed the gravest 
doubts as to the efficacy of the method of high Ie\el written examina- 
tion. Why then did it continue, and not only continue but steadily 
spread in extent? The answers to this are probably many, but ten- 
tatively we may note: in the first place it is associated with demo- 
cratic tendencies and is in accordance with received ideas of social 
justice. One pray accuse a selection board of favouritism with regard 
to class,* sex or religion, but you cannot accuse an examiner who 
patently does not know whose paper he is marking. In the second 
place, as already remarked, it provides a considerable incentive to sus- 
tained study and, in the third place, it is relatively economical in both 
time and effort : one paper can “test” many candidates. With regard to 
university science education the substitution of research degrees as so 
frequently demanded would ha\e necessitated a much greater en- 
dowment in order to meet the staff and laboratory requiiemcnts. 
That, of course, was not forthcoming in spite of the urgent demands of 
Lockyer and others. [76] There was also the administrative diffi- 
culty ; the main university institutions were, by now, wedded to their 
time-honoured examination systems and there was also the London 
External degree to complicate the issue. 

The practice of specialisation was not limited to written examina-** 
tions; it fiad, in fact, even wider ramifications. Although the Royal 
Society had largely been composed of* natural scientists it had not 
generally excluded distinguished philosophers and social scientists. 
However, events were now to force a decision ; in 1899 what was to be 
the first of a series of regular international conferences of academics 
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was held at Wiesbaden and it was then discovered that most foreign 
academies had sections devoted to the human sciences. The questions 
therefore arose: wllat British organisation was competent to repre- 
sent philosophy and the social sciences at future conferences? Should 
the Royal Society so enlarge its scope as to include those studies? A 
committee of the Society* was set up and evidence taken from the 
representatives of the human sciences. Apparently these latter set a 
high value on inclusion within the H oyal Society for there was general 
agreement among them that it was /Very desirable. But, after a special 
meeting of the Royal Society Council, on 9th May, 1901, inclusion 
was rejected and the “excluded" thereupon decided to form the 
British Academy; incorporation being petitioned for on 17th Decem- 
ber of that year. This much displeased the liberal minded Lockycr, 
who complained that h \ . . subjects the study of which by scientific 
methods increase the sunsof natural knowledge must all stand on the 
same footing. 1 use the word 'scientific’ in its widest, which I believe 
to be the truest, sense, as including all additions to natural knowledge 
<got^ by investigation. Human history and development arc as im* 
portant to mankind as is the histo/y and development ol fishes. The 
Royal Social} :"\v practically neglects the one and encourages the 
other." [ 17 ] 

Thi Umversi m s —Finances \nd Expansion 
Largely as a result of Lockyer's address at the 1903 British Associa- 
tion, a deputation waited on the Prime* Minister in July of the follow- 
ing year; the purpose being to icquest increased endowments for the 
universities and colleges. Their case was accepted and it was promised 
that the grant should be doubled and, it was hoped, doubled again in 
the following year. Although this was far less than Lockyer had 
hoped for, it was at least something, and from that date orwards the 
grant for univeisities has steadily risen. Set out below are the figures 
for the English universities and, for comparison, the State subven- 
tions for the Prussian universities : 


Year 

English 

Prussian 

1897 98 

£ 26,000 


1900-01 


£ 476,000 

1902-03 

£ 40,000 


1904-05 

£ 69,000 


1905 06 

£ 115,000 


1906-07 


£ 588,000 

1910-11 

£ 123,000 

£ 700,000 

1913-14 

£ 170,000 



By the outbreak of w;sr the grand total of public (including muni- 
cipal) aid for the English universities was about £250,000; and al- 
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though this was barely onc-third of the annual grant for the Prussian 
equivalents the increase of endowment was certainly substantial. But 
the effect of this on student attendance, etc. is difficult to estimate, for 
many of the colleges had veiy long- straggling tails of part-time and 
evening students. Limiting ourselves, therefore, to fulhtime students, 
and even this term is rather elastic, there were in 1900 about 4,500 
full-time students. Before the outbreak of war the numbered risen 
to about 9,000, although for about three years bcfoie 1914 the trend 
of expansion had reversed andj numbers fell a little. While the 
numerical increase was not in pipportion to the increased expendi- 
ture, the rise in standard in the quality of work achieved certainly 
was : approximately four times as many students were enabled to take 
degrees. This process was expedited by the formation of the Uni- 
versity of Birmingham (1900) and the break up of llie Federal 
University of Victoria into the Civic Universities of Manchester, 
Liverpool and Leeds; to be fpllowed by the founding of Bristol and 
Sheffield Universities. In effect this meant the final overthrow of the 
Examination-Board University and the unrestricted rule of the 
examiner. 

Yet these figures, promising as they were, did not indicate that we 
were making progress against German “competition”. The German 
student body had increased from 27,000 in 1893 to 33,000 in 1899, 
and to 58,000 in 1910. At the same time the polytechnic students had 
increased from 11,000 in 1899 to 16,000 in 1910; and, as the poly- 
technics now awarded degrees, these students could properly be 
counted .with the universities’ population. The numbers of students 
taking comparable courses in higher technology in England at the 
two latter dates have been estimated at 2,000 and 4,000 
respectively. Unfortunately the English numbers include many who 
were at universities and have, therefore, already been included in the 
count of full-time students. 

It was calculated that, in 1900, the number of day students per 
10,000 of the population was : 

In the U.K. In the U.S.A. In Germany 
5-0 12-8 7-9 

— a proportion not too discreditable to this country. But it should be 
remembered that the excellent Scottish universities would naturally 
tend to raise the U.K. average, and that the education of the German- 
student vas almost certainly much more systematic and advanced 
than that of most of his English colleagues. 
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Vocational Oppor tuni t;es • # 

The number of degrees awarded by the university colleges and, for 
that matter, by Oxford and Cambridge, rose very steeply in the years 
1900- ^4i(sce diagrams 1, II). The point now to be discussed is: what 
use was made of their qualifications by those who took science degrees? 
a question that brings us to a consideration of the industrial develop- 
ment of applied science. It is interesting to note, en passant , that in 
1902 an Investigating Committee of the Calico-Printers Association 
. recommended the formation of a Ct^itral Research Department. This 
was mpst strongly urged by Sir William Mather [AV] who added a 
report of his own, setting out the advantages of such an establishment. 
His notions were thoroughly progressive in that he wanted a re- 
search and experimental laboratory, well equipped and conducted by 
the ablest and best-trained chemists. Unfortunately this scheme fell 
into abeyance. 

The question of the number of scientific chemists emnloyed in 
Britjsh industry was raised at 'he 1902 British Association meeting. A^ 
small committee comprising Processor W. H. Perkin (jun.). Pro- 
fessor G. C. Henderson, Professor H. K Armstrong and G. T. 
Bcilby was set up to try to find the answer. They circularised mem- 
bers of the Society of Chemical Industry of which the great majority 
of technical chemists in the countiy were members. More than half 
replied ajid those who did not were, they concluded, probably not 
engaged in chemical works. 'therefore they felt that their statistics 
gave a fair idea of the situation. [l l J] % # 

Of the 502 chcnusts they counted, only 107 were graduates. These 
were further classified as follows^ 59 were graduates of British uni- 
versities ; 32 of foreign universities and 1 6 of both British and foreign 
universities. It also appears from their findings that the chemical 
industry employing the highest proportion of graduates was the 
aniline dye industry as we would expect, while the largest number of 
graduates wcie in the acids, alkalis and inorganic salts industries 
which employed no fewer than 17, Naturally these figures arc too 
small to allow any definite conclusions to be drawn; although the 
trend to more scientific methods in the aniline-dyestuffs industry is 
interesting and not perhaps entirely fortuitous. But, whatever pro- 
gress this distribution of graduate chemists represented, the 107 
•graduates do not compare with the numbers in German industry 
(cf. Dr Rose). Of these 107 graduates, no fewer than 48 had foreign 
degrees which, wc may infer, 'Were almost all German or»Swiss. This 
shows that even at that late date the professional scientist in industry 
was to a large extent a foreign product. 

This matter was referred to by Sir James Dewar in his Presidential 
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Address to the Association. Using the data of the committee he esti- 
mated that„at a vei;y liberal allowance, there were 1,500 chemists in 
industry. «The great majority of these would ha‘/e had little training 
and would, as Sir William Ramsay later put it, be paid a labourer’s 
wages. In any case this was but one-third of Germany’s total of 4 V 000 
chemists, and Dewar further calculated that, while 84 per cent of the 
German chemists had been trained either at university or pblytcchnic 
(74 per cent and 10 ppr cent respectively), only 34 pet cent of the 
British chemists wete so qualified. The German chemists, 1 Dewar be- 
lieved, were better trained; thefr degrees y/ere awarded for work 
done, not for “questions asked'and answered on paper". \p fact, 
“There are plenty of chemists turned out, even by our universities, 
who would be no use to Bayer & Co. They are chock full of formulae, 
they can recite theories and they know textbooks by heart; but put 
them to solve a new problem, freshly arisen in the laboratory, and 
you will find that their learning is all dead." We have, Dewar told his 
audience, to begin at the beginning and train people to solve prob- 
lems for themselves “instead of learning by rote the solution given by 
somebody else". Our main trouble was, “1 give it in a word —want of 
education." We had material, capital, brains, but we had not the 
“diffused education without which the ideas of men of genius cannot 
fructify beyond the limited scope of an individual". 

Accepting Dewar's estimate of 1,500 chemists wc may infer that 
there were, in England, at most 3' 197 graduate chemists; or, 
limiting ourselves to holders 9!' British degrees, 3 75, or 225. If we 

limit ourselv’es still further, to those who held only British degrees, 
the number becomes 177. We arc quite lustilied in selecting the last 
number, for, while we are not concerned with foreign graduates, the 
double -graduate can hardly be considered typical of English educa- 
tional practice; double-graduates were probably the sons or heirs of 
factory owners, like the famous Muspratt brothers of fifty years be- 
fore. It can also be inferred that graduates were less likely to be over- 
looked by the committee than were non-graduates; and certainly the 
“tail" of the chemical indusliy was unlikely to be rich in graduates. 
We may conclude, therefore, that the chemical industry 2 at that date 
employed about 180 to 200 graduate chemists with ail upper limit of 
some 225. The term “graduate chemists" includes men graduated in 

1 It can be added that the German dye industries, etc , were now financially and 
scientifically impregnable It was the more unfoitunate that these great plants» 
could casilv be converted into munitions works That this was done in 1914 goes 
almost witnout saying, so that, in the final reckoning, the price was paid not only 
in trade but also in lives lost * 

8 Including printing, dyeing, acids, metallurgy, explos'ves, oils, fats, soaps, 
paints and varnishes, brewing, confectionery, pure chemicals and pharmaceutical 
products, sugar, starch, glucose, cement, tues, pottery, aniline dyes, tar, paper 
pulp, glue, gelatine, size, paraffin, dyewood, tanning. 
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English university institutions, or evening classes, and dependent for 
their livelihood on their employment; that is, employees and not 
owners, or part-ownefs. 

It cannot be said that industry offered great opportunities to the 
increasing numbers of young science graduates. What appointments, 
then, could they expect? Hardly the Civil Service, for the Royal 
Commission of 1913 [20] showed quite clearly that the higher grades 
of that body were the preserves of Oxford and Cambridge, and more, 
of the Classical Greats and Classics Tripos schools within those uni- 
versities. Apart, therefore, from oife or two minor and ancillary 
professions, the one significant vocation left is that of teaching. 

From the Schoolmaster s Yearbook of 1903, the first year of issue, 
it appears that, of 3,870 graduate masters whose names were listed, 
some 510 were scientists; that is, they had taken cither Natural 
Sciences at Oxford or Cambridge or held a B.Sc., M.Sc. or D.Sc, 
degree of one of the new universities. (The number does not include 
those who had taken degrees in mathematics.) Thus at least !0 out of 
e\ery^76 graduate schoolmasters held science degrees. It is of very 
great interest that less than 1 per fent of these men held foreign 
degrees; a p^op ^tion that compares remarkably with the 45 per 
cent (48 out of 107) foreign graduates in the chemical industry. 

Wc have already seen that, in 1897, there were some 8.000 gradu- 
ates engaged in secondary teaching. It will hardly be an exaggeration 
if it is assupied that there were the same number of graduate second- 
ary teachers in 1902, for, in the live intervening yea rs, # t here had 
occurred a marked expansion in secondary education and an equally 
well marked trend therein to employ graduate teachers in preference 
to non-graduates (see Report of Rjjyal Commission on Secondary 
Education , Vol. I, p. 238, and Vol. V, p. 167). A proportion of 10 out 
of 76 would, in this case, yield a total of over 1,000 gradual science 
teachers in secondary schools. How many of these can wc suppose 
were chemists? A proportion of about 40 per cent would be a very 
reasonable figure; it can be justified on the ground that chemistry 
was, and I believe still is, the most popular of all the science subjects, 
enjoying a marked lead over physics, its nearest rival. Granting this, 
wc would have a probable number of 400 graduate chemists engaged 
in secondary teaching. 

But this does not exhaust the vocational opportunities of the teach- 
ing profession. Graduate chemists were also engaged in other fields of 
teaching. Taking the universities: there were, at that time, approxi- 
mately 50 graduate chemistry teflchers in the grant-aided urflvcrsitics 
and university colleges. To them wc shoul • add the chemists of 
"Oxford and Cambridge Uyi versifies, the Royal College of Science 
and the University Extcnsioh Colleges (Reading, Southampton, etc.). 
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We should also take account of the graduate chemists in polytech- 
nic and technical ccrflege teaching ; that is, in those institutions brought 
into being by the various Technical Instructioh Acts from 1889 on- 
wards. Finally there are those whl> were teachers in primary schools 
and those engaged in what may be described as ancillary etfupational 
services: inspectors, etc. This second gr ou p of graduate teachers 
could not have numbered less than about 150 and may very, well have 
been much larger. 6 r 

Bearing in mind the assumptions made, we reach a final estimated 
total of about 550 graduate chemists engaged in the various teaching 
services. Combining this with the estimated number of chemistry 
graduates in industry (between 180 and 230) wc have, as a total of 
active, professional chemistry graduates engaged in chemical in- 
dustry and in teaching some 730 to 780; and of these, as wc have 
seen, 550, or between 70 and 75 per cent r.ere teachers. It is merely a 
corollary of this to say that* the majority of those who were reading 
for degrees in chemistry at that time were doing so in the anticipation 
of becoming teachers; and, if this was true of chemistry, it must a 
fortiori have been true of physics and the other “pure'’ sciences, for 
we have seen that the applied physics laboratory was subsequent to 
the applied chemistry laboratory. 

It is evidently desirable to examine in more detail the educational 
changes at that time; not from the point of view of the educationist 
but to discover the opportunities and openings which the profession 
^ offered to^ the graduate scientist. Oppoitumtics which, of their 
nature; depend on the organic relationship that exists between the 
primary, the secondary school, and the university; a relationship 
which, in turn, depends on the state of social welfare and the public 
notions as to the educational opportunities to be offered to the vari- 
ous grades of society. These latter, of course, me complex questions; 
too complex by far to be discussed here. Yet it must be remembered 
that, in the last resort, the development of professional science is 
governed by the leading ideas of social justice which spring from and, 
m return, condition the complex web of social relationship. 

That very characteristic Victorian institution — the Department of 
Science and Art —was ultimately replaced by the Board of Education 
by an Act of 1899. This was followed by a second very important 
piece of legislation which, in 1902 constituted the Local Education 
Authorities, with power to organise and harmonise both elementary 
and secondary education. In 1 895 some 128 organised science schools 
were receding grants from the Department ; in 1901 2 the State, for 
the first time, aided the secondary schools as such, and in 1902 the 
organised science schools became Division A schools of the Board. 4 * 
To quote the official record, “For some years after 1902 the efforts of 
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the State and of the loc’al education authorities were mainly devoted 
to augmenting the supply of secondary schools"* [21*\ The regula- 
tions of 1907 laid doWh the principle that the aim of secondary edu- 
cation was not to educate the wofking class elite hut to bring the 
opportunities of good education within the reach of all. Certainly the 
direct intervention of the Stafe was followed by a rapid expansion of 
these secondary schools : 


Year 

Grant- Aided Secondary Schools 

(1895) 

( 1 28 Organised Science Schools) 

1905 

• 491 

1906 

600 

1907 

bib 

A908 

736 

1909 

804 

1910 

‘ 841 

1911 

862 • 

1912 

885 

1913 

898 

1914 

•910 


That is to say: the State secondary schools had been doubled in ten 
years, and by 1914 there were se\cn times as many as there had been 
science schools twenty ycais before. Piobably a number ol these 
schools had existed before the State intervened, but it is certain that 
this action meant a great gain in efficiency and m the quality of the ( 
education provided. Also there was a strong reaction against ♦he in- 
humanity of the caiiier science teaching; against the cramming and 
grinding of the older education, and this produced great improve- 
ments in the methods of science teaching. 

At the same time there was a rapid extension of scholarship 
awards to carry youngsters from the elementary school to the second- 
ary school. Statistics for the years before 1900 are very difhcult to 
obtain, but it was estimated by the Board of Education that there 
were some 2,500 scholarships in 1894. The rate of increase here was 
very rapid : 

1894 2,500 

1900 5,500 

1906 23,500 

1912 52,583 

Figures which speak for themsflves. The corresponding increase in 
:he number of State secondary school child* m was from 31,000 in 
1902 to 151,000 in 1912. .However, it was estimated that of the 
H),000 children annually leaving secondary schools by the latter date. 
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only about 2 per cent were going directly to the university; This was 
not regarded ‘as satisfactory. 

When we turn to elementary schools we find l much the same kind of 
expansion and liberalisation going on. The role of science in ele- 
mentary education was admirably defined in the regulations for 
1904; and there was a great increase in (he number of stjident places 
in the day training colleges which, as wc have seen, were rjow associ- 
ated in many case$> With universities and university colleges. Thus the 
available places increased : 


1890 

3,679 

1900 

6,011 

1905 

8,987 

1910 

12,625 

1913 

13,098 


And many students in university 1 raining Colleges were taking 
degrees; a development noticed by the Royal Commission in 1895 
(Roscoe, Vol. Ill, p. 203). 

It is quite obvious that such great changes could not take place 
without affecting very profoundly the production of the trained 
scientist. At one end of the scale there were increased opportunities 
for the talented boy to acquire at the new secondary schools a far 
better education than his father could have enjoyed, and, at the other 
end, there was evidently going to be a post, a teaching post* for him to 
fill when fte had graduated. »In many respects this great reform move- 
ment vas the long overdue achievement of that which Germany, with 
her Gymnasia and Reahchulen had accomplished such a long time be- 
fore. What this meant for the universities can best be described in the 
words of a contemporary observer, Ramsay Muir. Writing in 1907 
Muir [22] commented that the great spread of universities over the 
last fifteen years had brought university education within the reach of 
thousands to whom it had previously been unattainable and “Hence 
has come a remarkable increase in the "natural supply’ of teachers 
adequately trained at their own expense. But this is not the only 
result. Casting about for students, the new universities perceived, in 
the Primary teaching profession, a vast field waiting to be cultivated ; 
and as the supply of training colleges was quite inadequate to meet 
the demand for teachers, and the universities or university colleges 
could cheaply supply this need, they succeeded in obtaining from toe 
Government a licence to train, in regular university courses, large 
numbers 4 of students whose expenses* were poid out of public funds on 
condition that they undertook to devote themselves to the Profession^ 
of Primary teaching. Today these Students form m every British uni- 
versity an appreciable element, and in the' new universities a substantial 
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proportion , of the total number of students. These students are 
trained side by side with and (in so far as their noh-professional 
training is concerned) ;n precisely the same way as other students who 
intend to become secondary teachei*”. 

Thg gist^of Muir’s analysis is that there were, in the arts and science 
faculties* two groups of students : the would-be secondary teachers 
who were s?lf-supporting fee payers and a large group of grant -aided 
training college students destined lor the elementary schools. The 
former constituted the "natural supply” of secondary school teachers 
and, to quote Muir, . .fearful of cutting oil* the natural supply . . . 
we havejaid down that no primary Teacher may be recognised as a 
secondary teacher. We have not been able fully to enforce this rule, 
but still, it is our rule.” Thus formal sanction was given to the curious 
belief that tfie primary teacher should be trained at the Slate’s ex- 
pense, while the secondary teacher should pay for his own education. 
This*was described by Muir as prepostercyis ; it was the more so since 
the supply of secondary teachers seemed to be running out, in spite of 
the augmented universities, and some local authorities were being 
l'orcecf, tacitly, to use primary teacher^, or training college students to 
staff their nev ■ cv ..ndnry schools. 

If, judging by present day experience, we find it strange that large 
numbers of science graduates sliuuld be primary teachers, we should 
remember that, at a time when other vocational opportunities were 
few, the officially controlled primary school olfered security and a not 
unreasonable salary. Also it opened the wa> to either a headship or a 
lectureship in a teacher training college, both reasonable possibilities 
for the graduate teacher. 

Thus, considering primary and secondary schools together, the 
great expansion of the educational institutions of the country is 
obviously directly correlated with the rapid rise in the number of 
graduands (sec Diagrams i, II). In fact, this is the main implic uion of 
Muir’s remarks. 1 Certainly the Board of Education noticed the large 
proportion of young teachers in Secondary Schools in 1907 -8; only 
28 per cent of the men and 15 per cent of the women were over 40; 
this was ascribed to the very recent growth of the institutions. By 
1912 the Board was complaining of the shortage of secondary 
teachers, in spite of the fact that in 1907 the regulations for the ele- 
mentary training colleges were revised, and the training of secondary 
telphers regulated and subsidised by the Board. The "Declaration” 
was amended in that those entering the elementary training colleges 
were required to declare merely tfiat they would serve for soten years 
in a Slate school without limitation to elemen* ry teaching. This met 

1 There is some evidence to suggest tliat before the great expansion graduates 
had had difficulty in getting appoihtments (see p. 142). 
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Muir’s criticism; for the elementary graduate was now free to enter 
a secondary school if he wished and if there was a vacancy. 

We can see the importance of this development by setting out the 
figures for the day training college students who took degrees to- 
gether with the totals of degrees awarded by the grant aided university 
colleges. These figures have been derived from the Statistics of Public 
Education in England and Wales (1899 1914) and from r the Returns 
from Universities and University Colleges in Receipt of the Government 
Grant... (1894-1 914). [23] 


(I) 

(10 

(III) 

(IV) 

< V > 

(VI) 

(VII) 

(VIII) 

(IX) . 





Students with 

Co and 








Devices taking 

1 otal 








t caching 

of 

Yeat 

B.As 


B.Sc.s 


Totals 


Diplomas 

t 

Teachers 

1899 

91 


119 


210 



1903 

146 


207 


353 

(98) 



1907 

271 

ms) 

293 

(103) 

564 

• (218) 


282 

1908 

299 

(112) 

338 

(119) 

637 

(231) 

64 

310 

1909 

312 

(138) 

312 

* (108) 

624 

(246) 

79 

323 

1910 

381 

(135) 

462 

(118) 

843 

(253) 

77 

324 

1911 

386 

(204) 

461 

(186) 

847 

( 190) 

71 

499 

1912 

438 

(197) 

464 

(162) 

(145) 

902 

(359) 

109 

*473 

1913 

503 

(190) 

512 

1015 

(335) 

114 

442 

1914 

490 

(192) 

476 

(136) 

966 

(328) 

107 



The final column gives the number of clearly intending teachers 
graduating in each year. It is made up of the elementary teachers 
(Column VII) and those graduates who, in the following year, took 
the teacher’s diploma of tlje universities; it being assumed that the 
students in Column VIII had actually graduated m the pievious year. 

The very high proportion of teachers is obvious. Out of 3,080 Arts 
graduates between 1907 and 1914 inclusive, no fewer than 1,283 -or 
43 per cent — were would-be elementary teachers. There were 3,318 
science graduates in the same period, of whom 1,077, or 33 per cent, 
were elementary teachers. Combining the totals between 1908 and 
1913 and adding the teacher's diploma students we find that, of 
5,432 graduates, no fewer than 2,653, or 49 per cent, were clearly 
intending teachers. 

Turning now to the full-time degree students m the arts and science 
faculties we have the following figures : 


Elementary 


Year 

Science 


Arts 


Total 

Teachers 

1911 

— 

3,500 

— 


3,500 

1,459 

191,2 

1,504 

(697) 

1,866 

(747) 

3,370 

1,444 

1913 , 

1,421 

(607) 

1,772 , 

, (756) 

3,193 

1,363 

1914 

1,401 

(610) 

1,805 

(716) 

3,206 

1,326 


Here it seems that the proportion of elementary teachers in tKB 
science faculty is slightly higher than* the proportion in the arts 
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faculty; the percentages of elementary teachers in the former faculty 
being 46, 42 and 43 for the years 1912, 1913 and I W4 respectively. 

It is quite evident fhat the majority of the degree students at the 
universities and colleges up to 19 M were intending teachers. It must 
be r<ym;mbered that 33 per cent of those who took science degrees 
had signed £ binding agreement to teach for seven years ; it can hardly 
be supposed that those were the only would-be teachers in the uni- 
versities’ science faculties. There must in the nature of the case have 
been many scholarship holders and fee payers who intended to be- 
come teachers of one sou or anothej. Muir took it for granted that 

up to J907 at least- the would-be secondary teacher paid his own 
fees. We should therefore be perfectly justified in putting the per- 
centage of science degree students who were to become teachers at 
well over 50 per cent as a preliminary estimate. In any case it is quite 
obvious that no other single occupation, as for example the chemical 
industry, could possibly have been a factor in determining the career 
of such a large percentage of students as 33 46 per cent. 

• In jhe year 1913 14 the total number of post-graduate students in 
the grant-aided colleges who were cither studying for higher examina- 
tions or doin fe iv, c iicli in science was 172 in England and 17 in Wales. 
This is an astonishingly small figure and may be taken as a natural 
consequence of the career-bias towards secondary and elementary 
teaching. Even the leading physics laboratory in the country the 
Cavendish,- could claim only about 25 research students in the year 
just before the War; and this despite *hc eminent talenj, rising to ( 
genius, that had guided the laboratory. If we take into account«cience 
research students at Cambridge, Oxford and the Imperial College as 
well as the university grant colleges, it appears very improbable that 
there were, in England and Wales, more than 300 science students 
doing systematic post-graduate research just before the outbreak of 
war. 

In the years just preceding 1914 the rate of increase of full-time 
students slackened and, in the case of the arts and science faculties 
the numbers actually fell. This was due to a fall in the number of 
training college students- a fact which did not escape the attention 
of the Board of Education. 


Year 

Training College 

Others 

Total 

1911-12 

2,126 

5,701 

7,827 

1912-13 

2,070 

5,596 

7,666 

1913-14 

1,982. 

5,774 

7,756 


These ligures relate to full-time students only. The “others'’ include, 
Besides arts and science students •medical, engineering, law, agricul- 
tural and technical students; and comprised both degree and diploma 
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candidates. A number of the full-time Training College students 
were, of course, working for diplomas and not degrees. 

In the* meantime the expansion and rationalisation of the State 
secondary schools was continuing*: 

Graduate Untrained Gradii- Total %' Graduate 


Year 

Teachers 

ate Teachers 

Teachers 

, Teachers 

1907-08 

3,651 

... 

7,581 

r 48 

1908-09 

4,27? ’ 

. . . 

8,436 

50 

1909-10 

4,685 

2,568 

8,825 

51 

1910-11 

5,057 

2,754 

. 9,077 

53 

1911-12 

5,411 

2,(573 

9,126 

,55 

1912-13 

5,720 

3,057 

9,430 

59 

1913-14 

6,076 

... 

9,810 

61 


The very large number of untrained graduates calls for comment. 
Recapitulating briefly ; between 33 per cent and 46 per cent of science 
undergraduates were (as training college students) committed to the 

# teaching profession, and, in addition, there were a few graduates who 
took university Diplomas in Education. All these students, when 
graduated and otherwise qualified, were regarded as trained teachers ; 
but, even so, less than half the secondary graduate teachers were 
trained, and this implies that, unless the Oxford and Cambridge con- 
tribution was disproportionately large, approximately 33 per cent of 
undergraduates in addition to those classified as “clearly Intending 
Teachers" subsequently entered the teaching profession - probably in 

• the form of Muir's “Natural Supply". Moreover, the rate of increase 
of untrained graduate teachers was practically equal to the rate of 
increase of trained teichcrs. It is theiefore reasonable to revise the 
preliminary estimate of 50 per Cent and to suggest that at the very 
lowdst 66 per cent of science undergraduates at universities and col- 
leges were, at that time, destined for the (primary or secondary) 
teaching profession. 

The number of teachers in secondary schools with no experience 
or with less than one year's experience, is given below, together with 
the estimated number of these who were graduates : 



No. with no experience 

Number of 

Year 

over 1 year 

Graduates 

1909 

1,830 

930 

1910 

1,914 

1,010 

1911 

1,984 

1,090 

1912 

2,087 

1,230 

1913 

2,185 

1,330 


These figures give some idea of the demand for graduates that th£ 
secondary schools were putting out at thzlt time. Even making allow- 
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ancc fQr the numbers of Oxford and Cambridge graduates entering 
the State secondary schools, there were evidently vefryanany who 
came from the grant*aided universities and colleges. In fact, the 
number of raw graduates is of comparable magnitude to the total of 
arts and science -degrees awarded during these years; and this takes 
no account of the other teaching requirements— elementary schools, 
technical colleges, etc. 

Thus, summarising, quantitati\e and qualitative evidence has been 
put forward to support the proposition that at tile end of the nine- 
teenth century the majority or science graduates adopted the pro- 
fession of teaching rather than any other. Similarly it has been shown 
that the great increase in the number of science graduates of all uni- 
versities during the years 1X95 1914 is accounted for by the extensive 
reorganisations in the fields of primary and secondary education with 
the correlative increase in ll^ number of teaching posts available. 

I LC HNOI OGK \I F-DUC \ I ION 

,With the expansion of secondary and university education and with 
the measures of social welfare that^enabled increasing numbers of 
young men omen to benelit by a higher education that in 

former years would have been quite outside their grasp (always ex- 
cepting the highly gifted: the Michael haradays of this world), the 
technical education movement as such loses much of its importance 
for us. 

In contrast to Get man practice, technological education intngland 
was ‘"peppered" o\er the countr> in numbers of relatively small 
technical colleges. I.< the former country it was, as we have seen, con- 
centrated in a small number of excellent pol>i£bhnics, extremely well 
endowed and equipped and of university status (the degree being 
Dr. I ng.). r l he cxening class continued to be the main mode of instruc- 
tion in England whereas in Germany it was much less commonly 
used. But, whatever the formal ditfcrences between the practices of 
the two countries, it was generally agreed that, in England, both day 
and evening classes in higher technology were not in a very satis- 
factory condition. In the Report for 1908 9 [ 24 ] the Board of 
Education maintained that " The slow growth of these technical insti- 
tutions is, however, in the main to be ascribed to the small demand in 
this country for the services of young men well trained in the theoreti- 
cs side of industrial operations and in the sciences underlying them. 
There still exists among the generality of employers a strong prefer- 
ence for the man trained front an early age in the worlds, and a 
prejudice against the so-eallcd ‘college- trained’ man" (p. 90). They 
Added, a little ingenuously, that harm had been done by colleges who 
claimed that their training dispensed with the need for practical ex- 



168 THE ORGANISATION OF SCIENCE IN ENGLAND 

periencc. It was hoped that the new secondary education would, in 
time, remedy this state of affairs; but, in the meanwhile, “It is to be 
deplored that there are several schools in which the well-qualified 
staffs and the excellent equipment practically stand idle in the day- 
time through lack of students” (p. 171). In every yearly Report up to 
the outbreak of war, the same complaifit was made by the E(oard of 
Education. 

A possible explanation for this inertia was put forward by Pro- 
fessor Raphael Meldola who had had extensive experience both of 
industrial science and of education. Meldola was disappointed that 
the 23 polytechnics in and around London and the 110 in the pro- 
vinces had not turned out to be centres of research; he believed that 
“the danger is the general tendency in this country to ram the whole 
scheme of education into one mould utterly regardless ot the fact that 
the requirements of, let us say, an engineer are quite different from 
those of a chemist”. The teachers were heavily called on and there 
was little time tor research although many of the teachers were com- 
petent men. Also objectionable was the “baneful system of teaching 
subjects in ‘classes’ so that a syllabus qualifying for some particular 
examination may be gone through in a certain lime. It is quite un- 
necessary to point out here that individual originality or the spirit of 
research can never exist in such an atmosphere”. The student can 
never assimilate the subject as a living principle and the teacher, how- 
ever original and zealous at the outset sooner or later deteriorates. 
“That is one of the reasons why the ‘Polytechnic’ movement has pro- 
duced such a small effect upon the chemical industry.” [25] A further 
injurious practice is “the statistical standard by which the success of 
these institutions is chiefly, if not absolutely judged”. In Meldola's 
vie\y : “A school of science which is not also a centre of research is 
bound to degenerate and to become a mere ctamming establishment 
scarcely worth the cost of maintenance.” If this is true, then there 
was some substance in his criticism for, while there were 300 posts for 
teachers of chemistry in these 130 institutions, the output of original 
research from them was not representative of the powers of 300 men ; 
only about 12 were doing research, and that desultorily. His plea was 
for the creative and truly scientific technologist, and to this end he 
made a demand for “the general recognition of research as an edu- 
cational discipline. . 

The War Yiars and After 
There is evidence to suggest that just before the outbreak of war 
British industry was paying an increased attention to applied science. 
Even the aniline dye industry, sucf as it was in this country, began to 
look up a little [ 26 ] and it was reported that while 21 firms had ac- 
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ceptcd graduate scientists as chemists, metallurgists, geologists, etc. 
between 1906 and 1910, 40 firms did so between#191 rand 1914. This 
improvement, in view of the educational advances, was only to be ex- 
pected, 

Xo spt£ulale*on what might have happened had there been no war 
would be unprofitable; yet fhe rapidly rising output of science gradu- 
ates from all universities does suggest that applied science in England 
might have made comparatively big advanccs*during the years given 
over to the war and the succeeding social distress. But, in August 
J914, all the main developments described above came to an abrupt 
end. T{je thread of continuity was broken, and we have no means of 
telling what the future development of pure and applied science 
would have been had war not broken out. 

As is shown by the dramatic fall in the number of students taking 
Part 11 of the Cambridgc»Natural Sciences Tripos (see diagram 1) 
there was, in effect, no national scientific policy. 1 The pursuit of 
science and the training of scientists came to an abrupt ha’i in 1914; 
In this respect 1939 45 was completely different, as the same diagram* 
shows. At the same time, and for obvious reasons, all German in- 
stitutions, i..ckd*>«g universities, fell into immediate disrepute. For 
example, some medical men, wishing to discredit certain aspects of 
the Haldane Commission Report, complained, in October 1914, of 
the “Attempted Gcnmniisation of London University”. What a 
radical change! Many, if not most, reformers had been in the habit of 
comparing German universities very favourably with Qritish ones; # 
this attitude no longer was possible, and it would not be unfair to say 
that German universities have never since 1914 been regarded in this 
country with the admiration they opcc commanded. 

Whatever the orientation of public opinion the shortages and 
deficiencies consequent on war with Get many could not be over- 
looked. There was an immediate shortage of dyestuffs, for we manu- 
factured only one-tenth of our requirements. We had also depended 
on Germany tor magnetos, for drugs and countless pharmaceutical 
preparations, for tungsten used in steel making and for zinc. We 
made less than 24 kinds of optical glass compared with over 100 
made by our enemies. We had, before the war, been in the habit of 
obtaining some of the chief materials for explosives from Germany 
and, actually, at one time, had no means of producing acetone. It 
needed Sir William Ramsay to point out to the (presumably classi- 
cally educated) civil servants that such apparently innocent substances 
as cotton and lard were potential explosives. Lacking a policy, there 

• 1 Although figures are hardly neccs&iry to prove the point ; the most promising 

young physicist of his generation, H. G. J. Moseley, was killed in action at 
Gallipoli. * 
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did not exist any machinery to take account of science, and in this 
respect the country *vas little more advanced than it had been at the 
time of Charles U when the Royal Society hadubecn founded. It was 
not really excusable when we recall the repeated warnings of Col 
Strange, the Devonshire Commission, Lockycr and many jpthers, to 
say nothing of Playfair’s remarkable prophecies. It was officially 
admitted that “the necessity lor the central control of our 'machinery 
for war had been obvious for centuries, but the essential unity of the 
knowledge which supports both the military and industrial efforts of 
the country was not generally understood until the present war 
revealed it in so many directions hs to bring it home to all” (1916). 

One of the first acts of the Government was to create in 1914 the 
British Dyestuffs Corporation, with a total capital of £3 million, of 
which sum £1A million was found by the treasury, and ht the same 
time £100,000 was made available for research. On 23rd July, 1915, 
the Coalition Government ( issued a White Paper outlining their 
“Scheme for Organisation and Development of Scientific and In- 
dustrial Research”. On 28th July, 1915, a Committee of the Privy 
Council for Scientific and Industrial Research was formed with an 
advisory council 1 with the object of ( 1) Instituting specific researches, 
(2) Establishing special institutions for applied science, and (3) 
Establishing research studentships and fellowships. In their first 
report [27] they outlined some factors which they believed had con- 
tributed to the slow development of applied science in England. One 
of the most conspicuous was„the small, individualist scale of English 
industries: the manufacturer had felt that research, on the small 
scale he could afford, would be at best a doubtful proposition and, in 
any case, the Joint Stofck Banks were reluctant to finance such enter- 
prisers. On the other hand many urgent problems were of such a 
nature that only the largest organisations could afford to carry them 
through; could, that is, afford to be really scientific. The Council 
concluded that the current need was for the establishment of research 
institutions to fill the gap between university science and industry. 
This necessitated a supply of trained researchers for, while it is true 
that demand creates supply, it is also true that supply creates demand. 
Before the war the output of university graduates had been far too 
small to meet even a moderate expansion in demand for research. In 
fact the annual output of 1st and 2nd Class Honours students was 
running at only 530 a year in mathematics, science and technology 
and few of these had had any research training. We had not yet, the 
Committee said, learned how to make use of mediocre ability , and 

1 Comprising Sir W. S. McCormick, Lord Rayleigh, O.M., Sir G. T. Bcilby* 
W. Duddell, F.R.S., Prof. J. A. McClelland, Sir C. A. Parsons, Raphael Meldola 
and Richard Threlfall. 
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without scientific “rank and file" it would be impossible to staff the 
Scientific research laboratories of the future. 

The development? from this time onwards, was faffly rapid. 
Related to the D.S.I.R., for that*was the body with which we have 
been t * Lerc 8 rew ll P a number of Research Associations : the 

British Photographic Research Association, 1 the British Scientific 
Instruments Research Association, the Motor and Allied Industries, 
Iron, Glass, etc., etc. 2 Besides this, the D.S.I*R ; had taken over the 
N.P.L. and created a number of Research Boards; the Fuel, Build- 
rings, Forest Product, Radio Research Board and several others. 

While this was being planned, a number of public men had formed 
a "‘Committee on the Neglect of Science". They met in conference on 
3rd May, 1916, with Lord Rayleigh in the ('hair, [28] and all united 
in demanding a wider diffusion of science among the populace. Sig- 
nificantly a number of classicists supported this and even urged that 
iht stranglehold of the Classics on the higher Civil Service examina- 
tions should be broken and science should be included. In trie opinion 
of professor J. J. Thomson, university and college scholarships 0 
should be awarded for all round knowledge and "not as at present for 
highly specia iiscG knowledge of one subject. If this were done, neither 
the literary specialist, ignorant of science, nor the scientific specialist, 
ignorant of literature, would have a chance- - this, l think, would be a 
good thing- for it would stop that specialisation before boys leave 
school w^jich is doing so much harm" (letter dated 1st May). 

Among those present at this conference was H. (j. Wells and 
"J.J.’s" words mav well have been in his mind when he attended the 
Eleventh Annual Meeting of the British Science Guild a year later. 
[29] H. A. L. Fisher had said that ^e had failed "so far to find a form 
of scientific instruction which appealed to the imagination aijd the 
interest of the general mass of school children who are destined 
for what I may call a specifically scientific career". Wells, speaking as 
"an old schoolmaster" took the argument on to a much more general 
plane. His words are of interest and are worth repeating: . . you 
cannot get a more general interest in science at the present time since 
you have no class of persons to get the general mass of people in 
touch with contemporary scientific work ; because scientific men are, 
generally speaking, scientific specialists, ignorant of philosophy and 
literature, and without any bridge between them and the man of 
ordinary education. [Laughter.] No. Don’t laugh! These are serious 
things. The ordinary man cannot reach over to the scientific specialist 
and the scientific specialist cs/hnot reach over to the ordfnary man. 

• 1 The first ; licensed by the Board of/ rade on 1 5th May, 1918. 

* There arc now over 40 of the Associations ; sponsored jointly by the Govern- 
ment *and by industry. * 
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There is a gap in our public mentality at the present time. It is by no 
means a comic gap.V Wells went on to blame the universities for the 
“Greek Shibboleth”, for, “It splits and divides our national con- 
sciousness by setting up a barrier "that cuts science off from philo- 
sophy and history. We cannot get along with our scientific men cut off 
from the general thought of the community, and the general ideas of 
the community cut off by a de\otion to the dead languages from the 
stimulus of living science”. He demanded that philosophy and history 
be freed from the “Greek Shibboleth” ; for, “Until you do that your 
man of science will still be an unphilosophiral specialist and get as^ 
much respect as he does today, and your literary and political men 
will be unscientific, unprogressivc and unenterprising, full of conceit 
about their ‘broader outlook', and secretly scornful of science.” This, 
according to Wells, was the “fundamental disease”. 

A syllabus which, had it been adopted, v'ould ha\e satisfied Wells’ 
requirements was suggested by the Prime Minister's Committee on 
Science in Pducation [Jtf] under the chairmanship of J. J. Thomson. 
‘They recommended, for 16-18 year olds, a course in science to in- 
clude the history of science and development of scientific ideas, the 
lives and works of scientists, the relations between science and in- 
dustry, etc. 

One of the main difficulties of the advancement of science was also 
touched on by this Committee. As they remarked : “The greatest 
advances in pure science arc often the outcome of investigations 
which, until they are justified by success, appear fantastic and un- 
promising, and meet with little approval from orthodox scientific 
opinion, and it is too often a long time before any tangible results are 
obtained; for this reasdn they are not of a kind which could be ex- 
pected from workers in a great institution supported by public 
funds.” The difficulty is that a man would, assuming he was in pro- 
cess of making a great advance, have little to show for his salary. It is 
extremely difficult to sec how, in modern society, such an objection 
can be met. Naturally the committee made no attempt to tackle it, 
nor, indeed, were they expected to. In the past such enterprises had 
either implied great wealth, for example, the Farl of Rosse and the 
wealthy endowers of the great American telescopes Yerkes, Lick, 
etc.; or a remarkable degree of self-sacrificc on the part of the 
investigator, as, for example by J, P. Joule, Dalton, etc. Today we 
are, perhaps, at once better and worse off. On the one hand the 
costliness of certain branches of scientific research -notably nuclear 
physics- -has made them matters of Sfate endowment, for they are 
utterly beyond any private purse. (It is quite probable that the great 
nuclear machines, cyclotrons, synchrotrons, etc., in use at our uni- ‘ 
versities, greatly exceed in cost all the money ever spent on science by 
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the State from the earliest times up to 1900.) On the other hand there 
ate a number of liberal foundations which in some ifie^ure do the 
work of the old patrons of science ; and this is very important for the 
interest of the State in science i* a matter of immediate national 
requirements rather than disinterested 'ove of knowledge. 

With tli^end of the war we* have reached the very important modern 
period ; aj)eriod worthy of study on its own account. The apparatus of 
the modern scientific world has now been assembled, and all the familiar 
outlines are present for, at the end of the war, the* physical industries 
T as wc should term them in distinction from the chemical industries 
— immediately began to found Ihefr own research laboratories. It 
should be pointed out that an incentive towards this was the develop- 
ment of the thermionic valve ; a scientific consequence of the work of 
Crookes, Fleming, Langmuir and othcis, which was m effect the 
physical equivalent of the discovery of the aniline dyes in chemistry 
so fnany years before (see below). # 
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Hapter VIII 


THE PROFESSIONAL SOCIETY 

U jp to the outbreak of the Gr#at War the development of tech- 
nology and applied science, as inferred from the supply of 
skilled labour and hence from the organisation of the training 
and educafional facilities of the country, had been carried forward in 
response to certain important e\ents. These can be enumerated as 
foHows: the Great Exhibition, or rather the lessons allegedly learned 
from it, led directly to the South Kensington enterprise, to tac Science 
section of the Department of Science and Art and also prepared the® 
way'for later developments in technical training. The alarms of the 
Paris Fxhitmo i o r 1867 fathered the great Technical Education 
Movement; a movement more concerned, generally speaking, with 
engineering than with applied science. This distinguishes it from the 
later movement in the 1890’s and early 1900’s which was stimulated 
by the much discussed German achievements in applied science, and 
which hefped to produce increased Style aid tor the universities, as 
well as the foundation of Imperial College, the Manchester Cpllege of 
Technology, etc. During each of these times of panic a great deal was 
accomplished and much more was hoped for— we recall the per- 
sistent attempts to found an Industrial University -but, after a while, 
there came a period when the sense of urgency relaxed ~i‘d things 
were allowed to drift until the next alarm ; the process was cv* of fils 
and starts. There was, in fact, no kind of settled policy for orderly, 
evolutionary development; there were only a senes of r'sponses to 
awkward situations. 

In the absence of such a policy it is not surprising that applied 
science did not, relatively speaking, play a major role in the first 
world war. This was not the case in the second world war, of course : 
science and technology were immensely important. Now the prob- 
lems that were set and solved in the fields of physics and chemistry, 
are fascinating in themselves and in the talent and ingenuity needed 
to resolve them. But the social problems set and solved fhe mobil- 
isation of the abilities of a large number of pt and applied scientists 
*— seems to have aroused little kiterest. This is all the more strange 
when it is recalled that fifty years ago such an achievement, even on 
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the relative scale, would have been quite impossible. It is therejgore to 
the problen\ofi the ^professional scientist, whether pure or Applied, 
that we must now turn. 

It is mainly with scientists of the^econd and third rank that we arc 
concerned, but before we discuss them it is only correct to consider, 
briefly, those of the first rank. As we have'seen, the machinery of high 
grade, specialised instruction had been assembled, by the universities 
and colleges, by 1 88 1^ —just over the proverbial life-time age. We 
should naturally expect such a development sooner or later to affect 
even scientists of the first rank. Tt is unquestionable that the Royal. 
Society represents the fountain-head of natural science in Britain;’ 
election to a Fellowship being regarded as the highest distinction for a 
scientist. That rationalisation has modified the composition of that 
Society in the direction of increased specialisation and* correlative 
professionalism is clearly shown by the following brief analysis of 
Fellows in 1881, 1914 and 1953: 



1881 


1914 

1953 



% Increase 


% Increase 

Distinguished Laymen 

54 

, 

38 

8 

Sailors 

13 


6 

.2 

Soldiers 

26 


6 

3 

Applied Scientists 

62 

27% 

79 

70% 134 

Academic Scientists 

134 

116% 

289 

20% 348 

Medical Men 

55 


11 

6 

Clergymen . 

14 


4 

0 

Others 

120 


40 

46 


These figures do not requiie much explanation. 1 There has oc- 
curred, over the last seventy years, the virtual exclusion of all not 
engaged in the physical and biological sciences in a professional 
capacity — the excision of the amateur element has been surgical in its 
neatness. And not only the amateur element but those engaged in the 
sciences other than the “natural” ones have also been removed from 
the lists. In 1881 and in 1914 there were about six Fellows who were 
distinguished for their contributions to social science; today there 
are about two. Incidentally, the complete absence of clergymen is also 
worth noticing: the last few years, since the death of Dr Barnes, must 
be the first time since its foundation that the Society has been without 
a clerical Fellow — how odd that would have seemed to the Fellows of 
a hundredjrears ago! 

1 The clergymen and medical men in 1881, 1914 and the medical men in 1953 
are those unassociated with any academic or applied science foundation. Many * 
of the “others'* in 1881 were distinguished amateurs — Darwin, Joule, Spottis- 
woode (P.R.S.), etc., etc. Today there are no amate'irs. 
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Limiting ourselves tb the rigidly professional scientists, who arc 
broadly grouped into applied and academic, the ijicreasej shown are 
very revealing. The percentage increase of academic Fellows between 
1881 and 1914 is actually four times greater than the percentage in- 
crease of implied* scientists. This does not surprise us when we reflect 
that that period was marked by the foundation of several new uni- 
versities and university colleges, by increased State aid for higher 
education, by an increasing student population end by the foundation 
of new schools; in short, it was the period of the Educational revolu- 
tion and education was relatively much more important than applied 
science. On the other hand the peribd between 1914 and 1953 was 
marked by the converse process; the percentage of applied scientists 
^increased three times as much as did the percentage of academic 
Fellows. 1 Ills is explained by the simple, indeed obvious, fact that 
applied science has now bee*i achieved in this country. 

So much, then, for scientists of the first rank. For those of the 
second and third rank who in fact comprise the bulk o r those in 
applied science, we shall have to consider industrial employments • 
and secondary and technical school teaching. It would be very diffi- 
cult to deteujui ^ the exact number of industrial scientists in the 
country, but, limiting ourselves to chemists we find that in 1953 a 
vsection of the Chemical Industry actually about one-third as de- 
fined by the Ministry of Labour comprising 1 234 firms with 151,349 
employees, had a scientific stalT of 7,406. There were 10,914 engaged 
on research and de\elopment and 3, 267 # o( these were described as of 
scientific grade. [7] The inference here is that there mflst be some* 
9,000 research and development chemists engaged in the chemical 
industries of the country. But today the chemical industries are by no 
means the sole employers of chemists. The State, lor one, employs 
very large numbers in places like Harwell and in the v ^ociated 
chemical factories of nuclear energy programmes as well as in the 
ordnancp factories, the defence departments and in the many activi- 
ties covered by the IXS.F.R. At the same time the physical and bio- 
logical industries (the latter including agriculture and foodstuffs) arc 
also large employers of research chemists. It would therefore be a 
plausible estimate that the number of research and development 
chemists in England is about 10,000 at the present day. In the case of 
physicists the number may well be somewhat lower but will still be of 
considerable magnitude. 

As for the teaching profession, the Ministry of Education#Rcport 
for 1952 [2] gives the total of teachers holding degrees in life natural 

• 1 Heavy chemicals, industrial gases, fertilisers, dye-stuffs, medicinal and other 
fine chemicals, explosives, plastics ancftynthetic resins ; but not the compounding 
theredF to make paints, insecticides, etc. 
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sciences and mathematics and engaged in primary, secondary and 
further education ,as 13,706. Assuming that one-third of these dre 
chemists*-- a fraction that is probably a little too great — we get an 
estimated total of about 4,600 graduate chemistry teachers; adding 
the 500 or so chemists engaged in university teaching a,nd not in- 
cluded in the Ministry’s return, the grand total becomes about 5,100. 
Which is a number smaller than the combined total of those estimated 
to be engaged in industrial research and development and in the 
service of the State. These figures must not, of course, be treated as 
exact, they are only very approximate; buUtlie trend they indicate is 
fairly clear: industry has replaced teaching as an occupation of the 
natural scientists. 

Clearly we have made great progress since Dewar’s address to the 
British Association in 1902 and the 200 or so graduate chemists in th< 
chemical industries of that time. A large oorps of professional applicc 
scientists and scientific technologists has been created ; science h 
being used systematically and on a national scale to minister to the 
needs of society, to extend mastery over the natural environmem 
and — most important to device entirely new processes, materials 
and instruments for social use. What is so surprising is the extreme 
newness of the activity ; it is at most some sixty years old. A group of 
men, numbering a few hundred at the beginning of the nineteenth 
century and a few thousand at the beginning of this, has been ex- 
panded to an unprecedented extent and used to create a series of 
entirely new technologies as, well as to transform and rejuvenate the 
old established ones. 

In his evidence before the Devonshire Commission, Edward 
Frankland estimatejd ’that, in 1^45, about twenty persons a year 
received instruction in practical chemistry in England (none, of 
course, received instruction in practical physics). If his estimate was 
substantially correct, and we have no reason to doubt it, there cannot 
possibly have been more than a few hundred scientists of the second 
and third rank acting in a professional capacity in England a century 
ago. Such an estimate will include the staffs of observatories and 
museums, sur\eyors of the ordnance and geological offices, a small 
number connected with the defence forces (F. Abel, for example) and 
the scattered few in industry. We can illustrate this by comparing the 
social structure of science a century ago with a slender tower, almost 
as broad at the top as it was at the lower levels and ground floor. , r t 
was inferred that it was the absence of ground floor development that 
was the cSusc of the pessimism of those who, starting with Davy and 
Babbage lamented the decline of English science. Playfair recognised 
it and Huxley, as we have seen, summed it up accurately when he 
spoke of the absence of ‘Tank and hie”. These two were by no means 
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the only ones who understood the deiieiency; and by 1916 it was 
olficiallyVulmittcd that we had still not yet learneji to use “mediocre 
talent" (see above). Tqday, with our relatively tiny Royal Society and 
many thousands of second and thi*d rank scientists the social struc- 
ture ^of natural science can be corrcctlv compared with a pyramid 
many limes broader at the bifse than at the top. 

‘ Having Outlined the establishment of professional science it is 
necessary* to restate, in general terms, the difference between tech- 
nology, which subsumes engineering, and applied science. The tech- 
nologist uses the data an^l the established laws of science, relevant to 
the subject matter of the industry Concerned, to achieve the most 
etlicient*produclion and or the highest quality of product; to this 
*cnd he uses both science and practical, i.e., industrial, experience. But 
the science Tic uses is established science and this must be so, for any 
attempt to forward a practical project, under the circumstances that 
the* scientific laws governing the behaviour of the materials or pro- 
cesses involved are inadequately known* is to risk disaster On the 
o.ther hand the job of the applied scientist is complementary: it is to • 
advance knowledge of those laws which arc, or will be, of practical 
importance; hi., j marches “feed" The technologist, concerned with 
practical application, and the sphere of his work is governed by the 
requirements of the industry which employs him. Of course it is not 
asserted that all technologists and all applied scientists can be neatly 
classified in this manner; the definitions are generalisations and there 
are many cases when it is impossible to say precisely whether a man is 
a technician or an applied scientist. * 

It may be argued that because an applied scientist is concerned 
with the investigation of laws of nature he warrants the title of scien- 
tist and the term applied scientist should be used — as it often is— to 
describe the work of the technologist. This, however, is ummccept- 
able; the researches of the applied scientist arc “guided” researches 
and they are directed, not by purely scientific considerations, but by 
the requirements of industry. The hallmark of the scientist is his 
absolute freedom of inquiry ; he may wander at will from one field of 
knowledge to another as the nature of his researches and the im- 
pulses of his mind lead him. This freedom of research and its enor- 
mous importance for the advancement of science has been demon- 
strated many times in the history of science; to imagine that science 
can dispense with it and be unaffected thereby is a great illusion. But 
tfiis docs not mean that the applied scientist and the technolggist are 
to be regarded as truncated scientists ; their primary duly afid loyalty 
are not to abstract knowledge but to the i - lustrial welfare ol the 
Country. 

Technology, judged on Vhe basis of its scientific content, has, of 
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course, existed for as long as the sciences with which it is concerned; 
and, although^ merges imperceptibly into skilled craftsmanship it is, 
in one sense, antithetical to the latter. The aiir^of the great Technical 
Education movements was, above all, to increase the scientific ele- 
ment in technology at the expense of empirical, rule of thumb, oi 
traditional skills. The technical colleges in England, the polytechnics 
in Germany and Switzerland were established for this vdry purpose, 
and with their expansion went the corresponding development of 
scientific technology and a reduction in the rule of old-fashioned 
craftsmanship, made necessary by the increasing number of industries 
founded on the results of contemporary scientific research. This 
raises a very important question. Is the practice of applied science 
merely a development or refinement, of technology? In other words, 
did the class of technologists evolve, in due course, ihe class of 
applied scientists? , 

So far as such a question admits of an answer, it must be in the 
negative. The evidence shows that the first professional applied 
scientists were usually trained as pure scientists and that the fir k st 
industrial research laboratories -in Germany were derived rathei 
more from university practice -from Giessen and Heidelberg than 
from the workshop or the plant, it is a straightforward deduction 
from this that, before industrial scientific research can be established 
on a notable scale, a number of conditions must be fulfilled. Respec- 
tively, they are : (l) A number of those concerned with the running ol 
industry must have an adequate knowledge of science (this implies an 
efficient educational system). (2) It must have been shown that scien- 
tific research can be effectively carried out when deliberately restricted 
to certain problems (i.V., can be “guided”) and that such researches 
can produce results which can be usefully applied within a reasonable 
time. (3) It must be appreciated that researches of this nature do not 
require first rate talent; quite moderate abilities suffice, and, (4) 
There must be ail adequate supply of professional applied scientists 
available. 

It is not immoderate to claim that, not until the closing years of the 
nineteenth century did any one of these conditions come near to 
being satisfied. Indeed, their fulfilment necessitated the abandonment 
or profound modification of certain well established English tradi- 
tions and ideals; notably the ideal of the self-taught, self-made leader 
in industry, the long traditions of higher education and, not least, of 
learning and science. The meetings of the British Association ninety 
or a hundred years ago were patronked by a heterogeneous collec- 
tion of clergymen, university professors, medical men, lawyers, 
engineers and amateurs, both wealfhy and not so wealthy. The ab- 
sence of a group of professional applies scientists meant that the 
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relationship between science and technology was both loose and in- 
direct, Sespite individual instances to the contrary..ln fact, in the 
past, scientific revolytions have taken place, as in the* seventeenth 
century, without technical changes and, as in the latter half of the 
eighteenth century, technical revolutions have been accomplished 
without effecting any marked changes in contemporary science. 
Today, s<Rence and technology arc very closely linked; as the 
development of nuclear energy, for example, sljows. 

Sociologists and historians have pointed out "that military disci- 
pline had to be invented^efore the use of firearms became effective in 
warfare. There is surely a marked parallel here with the development 
of applied science. We note that the professional scientist is, like the 
> competent soldier, a thoroughly 1 rained man and, again like the 
soldier, he # is subjected to discipline; a discipline which, however, is 
economic and social rather than physical. The training of the pro- 
fessional scientist is generally in a “pure” science and is carried at 
least to the point at which he is competent to carry out b ; s own re- 
searches; preferably research should have formed part of his training.* 
T he* clement of (social) discipline is provided by the fact that he 
depends on ilic ^u.eiice of science lor his livelihood. 

'The beginning of true applied science has been dated, with some 
precision, as occurring between 1X5S and 1K62, and in the first in- 
stance it appeared in the German dyeing industry. Surprisingly, for 
as wc have seen, there was every incentive for Fngland to render her- 
self independent of foreign dyestulfs. An Englishman had made the 
actual discovery, the raw material- coal —was both abundant and? 
cheap in England. The capital was available and it is inconceivable 
that there were no commercially enterprising Englishmen at that 
time. It may be argued that foreign “protection" and English patent 
laws were deterrents, but such excuses arc special pleading . What is 
undeniably the case is that at the crilical time there was no class of 
professional, highly trained chemists in England; no large group of 
men generally recognised as capable of carrying out research in 
chemistry and, at the same time, expecting to earn a livelihood by 
doing so. 

The aniline dye industry was in one respect, nearly unique. It 
sprang solely from advance in science; in organic chemistry. The 
traditional animal and vegetable dyes were replaced by new, scienti- 
fically compounded, substances. Science was, we may say, the master 
Key; it was not invoked merely to refine and improve mejhods or 
materials which were eithcr#immemorial or the result bf ruJe-of- 
thumb development. At the same time it bee > me clear that systematic 
* research would yield more anc^ even better dyestuffs from coal tar ; 
and*t was in this respeclVhat Germany excelled. She had to import 
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the raw coal tar from England, but, to 4 ‘process” it, she had her large 
corps of professional research chemists on which her industrialists 
could draw. This was a point foreseen by Playfair: that the develop- 
ment of transportation would soon reduce local advantages in raw 
materials and skill would become a determining factor. Moreover, 
once the success of scientific research allied to industry ' had been 
demonstrated beyond doubt the rest followed quite naturdily and we 
cannot be surprised ( by Germany’s subsequent successes in the 
electrical engineering industries, etc. (This is no more than an asser- 
tion of the well known fact that the location^nd development of par- 
ticular industries is governed by the available supply of skilled 
labour; it being assumed that industrial scientists can be regarded as 
skilled labour.) m 

We can now gather the threads together and eonclufte that the 
emergence of applied science depends on fac “inherent opportunities” 
of the situation (see p. 8). The internal development of science pro- 
duced a material of great social utility and, at the same time gave 
< promise of even greater treasures along the same line of research. 
The issue, that is, was clear cut ; a scientific challenge was posed. To 
respond to a challenge of this nature a society must have the services 
of a class of professional scientists. In the case of the “physical” in- 
dustries the development of the thermionic valve, with its enormous 
possibilities for research and correlative utility, presented a challenge 
in some ways analogous to that of the aniline dyes. But, whatever the 
field in which the '"challenge” occurs, it must be in a precise and 
easily grasped form ; it would have been theoretically possible at any 
time, during the period examined, to have established research 
laboratories in connexion with the mining, metallurgical and engin- 
eering industries, and undoubtedly these would have led to great bene- 
fits. However, quite apart from the absence of professional scientists, 
the need for science in these industries was diffuse - -it could not be 
brought home to the industrialist in a concise, inescapable form. 

So far we have avoided the major issue. If there is no applied 
science how can a class of professional scientists be created? And if 
no class can be created how can there ever be applied science? This 
looks like a vicious circle and such, indeed was the case over most of 
the nineteenth century in England. But it overlooks the point that has 
been developed above : the professional scientist can also be a teacher, 
he need not be limited to industry. In fact, it is clear that, in principle, 
before you can have a class of professional scientists you must create 
the necessary educational machinery. This needs no proof whatsoever. 
But there is the additional factor: the very act of creating a suitable 
educational machinery also create?, sui generis, the professional* 
scientist. This you cannot avoid doing .unless by law, statute or 
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custom* you deliberately exclude science from the syllabuses. But 
•then youf educational system would be inefficient and rtt™grade as it 
was in England for so tong. 

We may pause for a moment te consider the significance of the 
Mathematics Tripos in the history of professional science. This justly 
famous* course of training in mathematics and theoretical physics 
spans the # who1e period of this work, and during that time it under- 
went less modification than any other course *of study; it implied, 
from the beginning, a highly specialised education and to this general 
form all other courses of study have gradually approximated. It is 
very natural to ask, therefore, why it Was that the Tripos did not pro- 
duce in England a class of professional scientists. 

Quite apart from the technical reason that mathematics and theo- 
retical physfes are of more limited applicability than chemistry and 
experimental physics, two*distinct answers can be given to this 
question. Firstly, the great majority of earlier candidates were young 
men of means and, as such, did not constitute the bcx. human 
material for what is, from a certain point of view, the banausic art of 
applied science; moreover, tempting careers in Law, etc. were open 
to the young VViunglers. Secondly, when the opportunity occurred 
the Tripos course did, in fact, produce the professional scientist. It 
would be supererogatory to show that most public school mathe- 
matics masters were Tripos men: and when the development of 
university colleges and provincial universities began in earnest in 
the 1870’s* and ’80\ Cambridge foun<j herseli in the position of 
natural supplier of teachers and professors of mathematics and 
physics for those institutions. 

The importance of teaching post$ for the development of profes- 
sional science had been foreseen by Lyon Playfair, James Hole, 
Henry Latham and T. H. Huxley before such posts were made avail- 
able, and therefore before professional science began. It follows that 
this is npt a question of wisdom ex post facto. We can see how, in 
practice, it works when we consider the case of a well-organised and 
smooth-running system of secondary and trade or technical schools 
together with effective universities, all of which require competent 
science teachers. Of course a good system of primary schools is also 
necessary and, at the same time, a very liberal scholarship ladder to 
accommodate the talented. Young men and women, educated at 
primary and secondary school, are vocationally trained at university 
to be returned to the former as teachers; they therefoie perpetuate 
the principle. But some of these^students — a small minority {ferhaps — 
will have talent above the ordinary and will * * ant to do research at 
fhe university. A proportion of#thesc will normally be retained as 
university teachers ; but as*supply generally exceeds demand in this 
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case, those who do not become university teachers must either revert 
to school teaching* or abandon science, or bfccome applied industrial 
scientists, from this point of view therefore tlve industrial scientist is 
to be regarded as an internal product of the educational system. Of 
course it is not asserted that applied science is in any way “inferior” 
as a vocation to university or school teaching ; there are, today, those 
who undergo research training with the express intention of be- 
coming industrial scientists. 

The origin of thC German achievement has been traced, as we have 
seen, to the foundation of the Giessen laboratory in 1826. But beyond 
that lay the educational policy'laid down by von Humboldt in the 
first decade of the nineteenth century. In any case the Giessen venture 
began long before German industrial expansion, before German* 
industries were in any way capitalist (Clapham) and before even the 
Zollverein was accomplished. From a comparatively early date the 
integrated German educational system — the primary schools, the 
State secondary schools: tfie Gymnasia, the Progymnasia and the 
" Realgvnmasia which so aroused the admiration of Matthew Arnold 
and others, the trade schools and the polytechnics and universities all 
offered opportunities for the science teacher at different levels. We 
saw that Conrad ascribed the sharp increase in numbers of students in 
the philosophy faculty partly to the extension of this educational 
machinery; and Friederich Paulsen later commented that the 
Philosophy Faculty which in the eighteenth century provided pre- 
liminary training for the other Faculties (Divinity, Law and Medicine) 
* added, in the course of the nineteenth century, the function of pro- 
viding teacher training. Later on, according to Paulsen, the Faculty 
became conspicuous fbr scientific research and the training of ad- 
vanced teachers. Such a system, which sent up young men well- 
prepared to the universities, could hardly fail to produce the pro- 
fessional scientist. There would always be those who would resolve 
on a career of learning, and those men would form the map-power 
potential of the new group. The ultimate deciding factor, therefore, 
must have been the educational machinery : the necessity of stalling 
the universities, polytechnics and schools. Indeed it is easy to believe 
that, in the 1850’s, the number of professional scientists in German 
schools and universities must have exceeded those in German in- 
dustries. Certainly the German Educational Revolution, preceded the 
Applied Science Revolution by quite a few years ; and it would be 
difficult- to believe that this was carried out in the interests of, then 
un invented, applied science. On the contrary the Gernjan academic 
can be very fairly charged with some degree of intellectual snobbery ; 
Liebig, as we saw, thought that science in Germany was-valued for it£ 
own sake and not, as in England, for what it produced. I gave a- brief 
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and,. I»ljope, cogent reason for my belief that he was wrong with 
regard to England. One can accuse Liebig of iguorartce # of his own 
countrymen, but it is less easy to dismiss the professors’ semi- 
contemptuous phrase— “BrotstudSen”, and certainly the German 
univenytiqp strongly resisted f the introduction of technology into the 
university syllabus. They were successful in this but it did not prevent 
them resisting, unsuccessfully this time, the raising of the polytech- 
nics to university status— and this was long after Oxford, Cambridge 
and all other British universities had engineering ‘faculties or depart- 
ments. 

It is apparent that the education system in England did not offer 
the same opportunities as did that of Germany. The universities 
•adapted fo^the training of the English gentleman, were largely closed 
to research and the advancement of learning, as the nature of the 
degree system and examinations shows, to say nothing of the explicit 
statements of educationists. In the soci^tv of the time this did not 
seem anomalous (save to enthusiastic reformers and admirers of the 
German system) for science was, as we have seen, prosecuted will: 
vigour and success by a brilliant gipup of semi-amateurs. The greai 
public schools, in oiganic relationship with the universities, wen 
naturally governed in accordance with the same educational aim, anc 
the possibilities of science masterships were few until the “reform’ 
movement became fully elective in the second half of the century 
There regained the new university colleges but these were bedcvillec 
by poverty and by the external degree system which made systematk 
study difficult to achieve ; moreover even here the degree wa$ libera 
both in form and content. 

For the rest little need be said. Tlje Mechanics’ Institutes relied, foi 
many years, on part-time or voluntary lecturers and the staryiarc 
must have been low and erratic. Also they were in decline One to bac 
primary education and other causes adduced above. Of the oiimary 
schools^iothing need be said. 

The first effective step was the foundation of the various university 
science examinations. But the pace of development was governed by 
the quality of the students coming up from school— and testimony i« 
fairly complete that most were ill-prepared -and on the jobs avail- 
able on graduation. As we saw from the Devonshire Commission anc 
from thd minutes of London University, it was only when the school; 
t^gan to employ science masters that graduate science became a pro 
fession; and we saw, loo, that the reorganisation of th<? South 
Kensington Colleges as a Nbrmal School resulted in a flood of 
applicants that was greater than the available ^commodation. 

Such evidence is qualitative rather than quantitative. But there is 
one other aspect which muJl not be forgotten. The scientist must have 
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had a practical training if he is to deserve the' name. However, syste- 
matic practicai clashes did not become comifton unfil the later 1860’s 
and practical examinations began later still. #That is, many of the 
“science” men turned out before that date were merely book-learned ; 
at best they might know about science, at worst they would know 
only how to pass science examinations. Thus, while this practice pre- 
vailed, the universities could not produce scientists, still less,could the 
sterile State examination system— witness the boy who .“passed” in 
19 subjects. 

The group of distinguished academics which met at the Freer 
masons Tavern in 1 872 wanted tfl create a class of research men, which 
class, they said, did not exist at that time. It can hardly be supposed 
that these men did not know what they were talking about ; that, in 
fact, there vras such a class and they were unaware of i Is existence. 
Even if this is held to be inconclusive, that the professional scicntisl 
did not then exist was proved beyond question by the fact thatthe 
Department of Science and Art was forced to employ officers of the 
* Royal Engineers as school inspectors, for the reason that they were, 
at that time, the only men in England with a professional training ir 
science. From the 60’s to the 90’s England was unable to muster as 
many as 60 professional scientists to serve as part-time inspectors ol 
her technical schools. 

With the gradual reform of the secondary schools, the passing of the 
various Technical Instruction Acts and the founding of the university 
colleges, the opportunities fof science teaching were greatly expanded. 
But the biggest factors seem to have been the elementary training 
colleges and, from 1902 onwards, the new State secondary schools. 
We have seen that the fapid expansion in numbers of degree students 
just before the war was linked first to primary and then to secondary 
educational developments rather than to any other factor. This 
meant the production of graduates who would be financially depend- 
ent on science teaching, and this implies the professional scientist. At 
the same time the old universities were being rapidly liberalised from 
within, which meant, of course, the admission of potentially pro- 
fessional students from poor homes. The numbers of successful 
candidates for Part II of the Natural Science Tripos, which had 
fallen steadily from 1881 to 1900 now began to rise steeply (see 
diagram, I). » 

To pursue this matter further would be to go into the general 
sociology of education and that would lead us away frejm the point. 
We have'bstablished, and I do not think it can be doubted, that the 
professional scientist is, in the first instance, the product of the edu- 
cational system ; to a much less extent is he the product of industrial 
practice and economic organisation. Or, t6 put the clairri at its lowest. 
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the applied science revolution cannot possibly be understood without 
reference to the reform # of the educational system. Tbdgy there are 
frequent complaints ci the shortage of teachers of science irt schools, 
coupled with observations that indastry has tempted too many gradu- 
ates ^ay/rom Teaching. If these complaints are substantially true, 
then it looks as though scientific industry is devouring its own Alma 

• Mater, apd this would be very unfortunate. This forms part of the 
sociology of science today and, in the absence cf further knowledge, 
any comment would be no better than speculation. None the less it 
would be very interesting and is important to know how the streams 
of natural science are divided anxfng the various professions and 
what factors govern that distribution. 

• The old professions of law, medicine, etc., rested to a considerable 
extent on a personal relationship between the expert and the client; 
service was rendered to the community through the individual. [J] 
Thfc professional scientist, on the other l^and, must render his service 
to the individual through the community; an individualist relation- 
ship.between the scientist and a client (or employer) is unthinkable. 
In this respect the professional scientist is more akin to the civil 
servant or the a* my officer than to the doctor or lawyer; indeed he 
transcends even the former pair in the impersonal nature of his 
services. Therefore it would follow that the level of professional 
science is a function of measures of public welfare, or of collective 
social aetjon. Especially true is this of the initial stages, for the 
lengthy and expensive education of th<^ natural scientist # necessitales 
State aid on a substantial scale: that has been the universal, experi- 
ence of every country which has been able to develop applied science. 
The denial of State aid during the crucial period 1850-80 was the final 
reason why applied science was later in making its appearanpe in 
England than in Germany. 

The theories of self-help and of individualism were given a full and 
fair triaj in nineteenth-century England; whatever achievements are 
to their credit, and I do not doubt that they are many, they proved, 
when applied to science and education, quite incapable of producing 
the professional scientist. As the century progressed this fact was 
recognised by an increasing number of people; from the 1870’s on- 
ward the doubters were in the majority, at least as far as science was 
concernftd (see above, especially the Devonshire and Samuelson 
Commissions). 

I am not here concerned with generalisations as to such large scale 
social institutions as “capitalism”, etc. Such generalisations would 
not, in any case, teach us much, nor would tli^y take us very far. In 
this context we should note that the free nature of American 1 and 
* 1 Universities, etc), the Lick, Y erkes Telescopes, etc. 
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Swiss 1 political and economic institutions did not prevent thepi from 
liberally endowing /heir educational and scifentific foundations while 
the rigid* and highly differentiated class structure of Germany was 
likewise no obstacle to scientific progress in that country. But we are 
not concerned to discover ultimate causes, still less to pass moral 
judgment on men who, if they failed to* see what the minority saw, 
were not therefore to be condemned. Here, we are concerned with the* 
development of a certain small group of men and a certain mode of 
social action together with the conditions which governed the evol- 
ution of the group and its function. It needs to be emphasised, I 
think, that applied science is itsdif an invention and it is an invention 
which can only be effected in a certain type of society at a certain 
stage of development. The first scientist or industrialist to suggest the - 
permanent employment of a research scientist, or group of scientists, 
was the person who invented applied science. 

Even if we assume that industrial requirements on their own Can 
break down an Iron Curtain of Latin and Greek, buttressed by class 
1 privilege and underpinned by the Established Church, we can hardly 
suppose that they could create a syllabus of studies and researches 
which is not understood by the educational authorities of the time. In 
whatever way industrial requirements express themselves, whether 
through the explicit demands of employers or otherwise, they cannot 
be wiser and sec further than the received notions and ideas of those 
concerned with education. The point is that the utility of research, of 
laboratory practice, of applied science in the modern manner, is not 
' at all obvious in the first instance. The properly trained scientist has 
been educated in a way and to a standard that would either be a 
luxury or useless when fudged by.the criteria of the day-to-day needs 
of industry; his employment cannot be justified after a week or a 
month or perhaps even a year’s work . 2 What, the industrialist might 
have asked, is meant by “scientific research”? The question is a 
difficult one to answer; it exercises the wits of methodologist* today. 
It cannot be expected therefore that an industrialist could under- 
stand the value of science a priori - he must see it in action before he 
can incorporate it in his industrial activities. If there is no way in 
which it can be brought to his attention and if there are no profes- 
sional scientists available, it follows that he cannot utilise applied 
science. 

I have already produced material evidence to suggest what I hav^ 
argued in principle above — that until the universities wejre producing 

1 University and the famous Polytechnic 

2 Cases were quoted to early investigators (e.g. the 1884 Commissioners) o£ 

German applied scientists whose work had 1 been fruitless for as lo&g as two years. 
But it was added that such men justified thcmselvcL in the long run* " 
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the professional specialist, industrial demand could not make itself 
felt— did not, iA fact, %xist — and young men pould not enter in- 
dustrial research in large numbers. This is a reversal of that theory 
which explains professional scicatific training by reference to in- 
dustrial demand — it is an assertion of the opposite. The obverse of 
the professional coin is, of bourse, a form of specialism ; but special- 
ism, as [ # have shown, arose as a socially selected consequence of uni- 
versity examination, of Honours Schools and Triposes, and in such a 
manner that demand for professional applied Scientists could not 
possibly have played ai*y part in the process. Further, I went on to 
show that the first real professional 1 scientists to be produced in any 
significant numbers were not would-be industrial researchers, but 
intending teachers ; and it was only when those conditions were ful- 
filled that an industrial demand could, at last, arise. Industrial 
demand therefore played no more part in the specialisation of the 
various science degrees than it did in the specialisation of the Classics 
Tripos or the London B.A. Nor can industrial demand be credited 
[or blamed) for the form which specialisation has, generally speaking,* 
aken. 

Apart froin universities, and university scholarship examinations, 
he specialisation of studies would be most congenial to schools. (The 
division of labour in the scholastic world was of long standing, and a 
*ood “Honours” man was an asset to the school.) But once the edu- 
:ationaI revolution was well under way and professional scientists 
vere being trained in increasing numbers, did it follow that the adop- 
ion of applied science by industry was inevitably aftd smoothly* 
sffecled? To answer such a question, framed in the most* general 
erms, would involve a study of the # diffusion fcf ideas among the com- 
nunity and a wide study of the requirements and responses of differ- 
ent industries. The factors favouring the widespread adopti&n of 
science are, firstly, the diffusion of scientific culture thro i.eh im- 
proved* education ; and, secondly, the incorporation of science 
courses in the various kinds of technical education. On the other 
hand, we have recorded many denunciations of the English manu- 
facturer for his failure to appreciate science — and although many of 
these denunciations were unfair and even absurd (men like Mather, 
Samuelson, Swire Smith, Mundclla, etc., were liberal and progressive 
employers and were well aware of the importance of science), it may 
|je that for various reasons the English manufacturer was somewhat 
conservative in outlook, setting a higher value on practice thap theory 
and experiment and reluctantrto believe that anyone coukKeach him 
how to run even a part of his business. More material, possibly, was 
*the small scale on which many British industries were organised, for, 
as H: A. L. Fisher put it, ‘V . . we are an old country of old and small 
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traditional businesses. . . (British Science Guild, Eleventh Annual 
Report , 1917).oBen$ath these disincentives there may possibly have 
been additional psychological factors : a distast/? for work in industry 
and factory on the part of men who might hold the intellectual quali- 
fications for industrial research. 

Whatever the shortcomings of the manufacturer — anu uicse arc 
conjectural — the marked deficiencies of the educational system must 
always be remembered, in substantial mitigation. Up to 1902 this was 
quite obvious ; as Mark Pattison had lamented : “The manufacturing 
and commercial interests of the country hav^outgrown us . . . they no. 
longer regard us . . . they do nth think we have got anything worth 

having “ (1872). It is difficult to deny that the manufacturers wer* 

not without reason on their side. 

Even after the great educational reforms the very small' number of 
post-graduate science students (172) at the grant-aided colleges in 
1914 does not argue much devotion to research. As long ago as 18G4, 
the Samuelson Commission had stressed the value of research in 
‘industry and in training (see p. 104); Dewar had stated that many of 
our examination scientists would be of little use in a research lab- 
oratory (1902); the Technical Education Board Sub-Committee had 
urged post-graduate research training and, more recently, J. J. 
Thomson’s Committee and the Barlow Report [4] made exactly the 
same recommendations; the latter stating explicitly that three years’ 
undergraduate study do not make a scientist. Therefore it is reason- 
able to suppose that even after the educational reforms were achieved 
(up to 1914)' the development of applied science may well have been 
hindered by the unsatisfactory position of research training as 
opposed to the written- examination system then widely practised. 
The large number of foreign graduates in industiy tends to support 
this view ; it would seem that the scientitic industrialist placed more 
faith on the research examination (German) degree than on the 
written examination (English) degree. 

Let us clarify this point. The action of written examinations is, we 
may say, collective rather than individual. Applied to a class of 
science students, some of whom will later abandon science, some of 
whom are intending teachers and some prospective research workers, 
etc., the final examination may well stimulate the maximum study on 
the part of the greatest number. It is quite possible that, in a vocation- 
ally ill-assorted class, there are many who are greatly benefited by 
this stinjulus ; but with regard to the would-be professional scientist 
the case L doubtful. We have seen that, up to 1914, most leading 
scientists did not approve of written examinations as the final 
arbiters of scientific education ; not c without reason, for surely it is* 
obvious that research should form a substantial part of the training 
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of thejjrospective research worker? Under these circumstances and 
from the point of view Of the research scientist tije value of exclusive 
written examinations # can rightly be called in question. YeV wherever 
the truth lies in a debate belween*written examination and research 
degrees it is, at the very least, probable that had the Victorian 
industrialist enjoyed the benefit of a supply of trained professional 
scientists, # even men without research training, the emergence of 
applied science in England would have occurred much sooner than it 
did and might very well have pre-dated the Gdrinan achievement. 
Had it not done so, evefi then, the industrialist would certainly have 
deserved the strictures heaped upc*i him. But this is merely hypo- 
thetical! 

To summarise the position reached, let us invoke (in imagination) 
a manufacturer of (say) 1880. Let us suppose that lie is a progressively- 
minded man, a supporter qf the Technical Education Movement and 
ofrthe new local University College. This is quite justiiiable, for we 
have seen that there were many such as he. He will favour extended 
education for all classes and may even have good ideas on secondary® 
education. But if he is asked why he does not use science— research — 
and scientists in lus industry he nfay well reply along the following 
lines: “The suggestion that scientists be employed in industry is 
absurd; as well ask Mmc Schumann to teach my daughters to play 
the pianoforte. A man of science cannot be constrained to follow any 
prescribed path ; he cannot produce discovery to order neither is it 
desirable* that he should be expected to do so. He must, and all 
experience bears this out, he quite free to go where hS will and re-* 
search in whatever directions his genius prompts. Also we know that, 
although great benefits flow from science, it fhay take many years be- 
fore such discoveries are of use, and even so we cannot predict just 
what use they will be. No industry could possibly afford such an 
enterprise even if men of science were prepared to serve it.” Scientists, 
for oui manufacturer, mean men like Or Joule, Mr Darwin, the late 
Dr Faraday. . . . And if it were pointed out that there were science 
graduates in the country — there were at most 1,000 by that time— he 
might be pardoned for taking a somewhat sceptical view of their 
potentialities. He could not afford to employ one on the offchance 1 
that he might be another Faraday, and, if one pointed out what was 
happening (on a very small scale) in Germany, he would reply that 
^hat was all right but he had little time for mere book-learning with- 
out experience that transcended the text-books. 

Whatever the industrialist* and scientists of the past atJueved or 
failed to achieve, we must remember that we « r c, ourselves, in a situ- 
* ation similar to that which ofton confronted them. The present great 
national interest in applied science and technical education is stimu- 
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lated, as before, by the threats of foreign competition ; and many of 
the views now held* and the arguments bein^put forward, are, it will 
be agreed, very similar to those circulating during previous “tech- 
nical education movements”. 

The Specialised Society 

The growth of professionalism was one of the remarkable social « 
changes of the nineteenth century. Not only did the long-established 
professions develop a number of subordinate and ancillary profes- 
sions but wholly new and distinct ones were founded. As the century, 
progressed the casual, sometimcs*non-existent, training requirements 
and the individualistic conditions of entry and practice gave place to 
carefully prescribed training together with rationalised conditions of* 
entry and defined norms of conduct. 1 he rise of professionalism was, 
perhaps, inevitable under the circumstances of developing political 
democracy on the one hand and the rapid advance of mechanical ahd 
scientific industry on the other. But, while it would be absurd to 
Ascribe this radical change to the advances of pure and applied 
science, it would be equally unreal^ to suppose that science, as a social 
activity, could in any way avoid the ever-widening net of professional- 
ism. 

There are substantial areas of science where such factors as in- 
creased cost of research and great complexity of theoretical know- 
ledge do not apply and cannot, therefore, satisfactorily explain the 
virtual disappearance of the ajnateur scientist. Nor can recent social 
levelling^ tendencies be held accountable, for lack of money has, in the 
past, proved no deterrent to scientists. Professionalism itself must 
therefore be invoked- to* complete, the explanation of the decline in 
amateurism. The mechanism whereby the professional, publicly 
recognised and approved, must supplant the amateur requires no 
detailed explanation; it is enough to point out that even those whose 
means could guarantee them complete intellectual freedom are 
socially orientated towards admission to the professional circle, and 
so have little difficulty in accepting the norms of the profession. 

Generally speaking the achievement of professional science is, of 
course, a great advance in social organisation. But certain aspects of 
specialisation, in one form or another an inevitable corollary of 
professionalism, arc of less evident desirability. Specialisation* today, 
is frequently characterised by an education which, from the age o£ 
eighteen <or so onwards, is limited to one branch of scicnofe, being in- 
creasingly 'directed to narrower sectors; a continued vocational 
structure which admits and canalises recognised specialists only, and t 
a society which expects, when it does not demand, that specialists * 
shall continue in their prescribed specialism^ 
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Many leading thinkers deplore such specialisation on the grounds 
that its cultural bffects are had, that it does not Record with the ideal 
of a liberal education While this is no doubt a valid criticism it can 
also be argued that specialisation, carried beyond a certain point, 
mugt hinder tho advance of science. It is clear that what has happened 
must ha\fe profoundly chahged the tone and temper of thought in 
general, rtelds of study have become vertically stratified, one science 
is isolated from another, and that cross-fertilisation of the sciences 
which, in the past, was so fruitful is rendered nfore difficult. This is 
.surely not a happy de^lopment? Talent, still more genius, has the 
essential quality that it is unpredictable. An original thinker is by 
definitibn one who finds a unity where previously none was suspected, 
and to do this he may well have to cross artificial frontiers between 
the sciences. If, for a long time, a man is effectively discouraged from 
seeking knowledge other tfyan that approved, if he must choose either 
this discipline or that discipline, there is some danger that a creative 
talent may be frustrated. The maxim fcfr craftsmanship -the cobbler 
.must stick to his last— is not necessarily applicable to science. * 

Considerations of this kind were evidently in the mind of the 
German cduxuLoniot Paulsen who? writing at a time when the German 
universities were riding the flood-tide of success and prestige, could 
still complain of over-specialisation, and demand a broader ap- 
proach : “No scientific study can prosper in isolation. Every science is 
indissolubly related to others; they presuppose each other as 
auxiliaries.” [5] 

This leads to a brief consideration <5f the examinatiefh system, the 
present instrument of specialisation. It will be remembdred that 
among the reasons for the adoption of examinations were the need to 
devise a means of selection for college office, the need to stimulate 
wealthy young men to do some systematic study, the desirability of 
having some way of easily classifying merit, etc. They were *hat is, 
elaborated at a time when the universities did not conceive it their 
duty to advance knowledge but rather to provide a liberal education. 
Now the system has been taken over generally, although it is un- 
deniable that the functions of the university and the organisation of 
society without have changed radically. That a system designed to 
stimulate liberal education in the nineteenth century is also the best 
method of producing professional scientists under modern con- 
ditions would seem to be a non sequitur. It is clear that, whatever the 
intrinsic merits of the examination system, it must be kept flexible in 
order to take into account changes in social organisation and the 
issues that these raise for science. 

' It is not to be supposed that^ liberalisation of scientific education 
and-»— probably more important — of subsequent vocational oppor- 
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tunity would notably increase the number of fitst class scientists, nor 
is it claimed that the result would be the •immediate solution of 
specific and ’intractable problems. All that is being asserted is that 
every allowance must be made foe the occasional emergence of the 
unorthodox thinker, bearing in mind that unorthodox ideas ipay 
prove to be the most fruitful. In a certain Sense the advance <rf science 
is marginal in that great advances often occur where and Mien they 
are least expected (certainly by the majority of people). It is also 
salutary to remember that there are fashions in science as in every 
other social activity. Thus nuclear physics is perhaps the fashionable , 
science today: its practical importance and philosophical interest 
make its position in some ways analogous to that of ge6logy a 
hundred years ago. But no one can, of course, predict what will be 
the significant and fashionable sciences in the years to comd 
The argument is, then, that it is of paramount importance to en- 
sure that the social environment of science is the most favourable for 
continued development that we can achieve. We must maintain, in 
*he world of science, an “open society’'. It is not disputed that the. 
great increase of knowledge and the importance of applied science 
together make some degree of specialisation inevitable. Indeed, the 
specialised society is now a condition of social advance in respect of 
the conquest of deficiencies, material shortages, diseases and the ex- 
tension of mastery over nature. The problem, as it seems to me, is how 
to reconcile such very desirable activities with the full development of 
the potentialities of the individual. There are of course two aspects to 
this : the ethical, for we may a'ssert that the development in freedom 
of all pofentialities of the individual is a constituent of the good ; and 
the utilitarian, for it is.only when the individual can so develop that the 
full material benefits of science, pure and applied, can be realised in 
society. On this point the whole story of the development of science 
assures us. 
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